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Abstract — This study includes the design of quadratic cascade DC/DC boost converter with Pl controller. Two or more cascade
boost converters have been used to increase system efficiency. Advantages of the proposed converter compared to the
conventional boost converter are less current fluctuations and output voltage, the prolongation of system life by dividing the
input current, and the less number of semiconductor elements used. What makes this converter more advantageous than others
is that it only works with a single controller circuit by adding a diode, capacitor and inductor. The mathematical equations of the
system have been obtained by the equivalent circuit analysis and thus the control circuit has been designed. The purpose of the
generated control circuit is to keep the output voltage of the system constant due to the power sources that produce different
voltages. The controller realizes this by applying to the power switches after generating different pulse widths at variable loads.
The proposed quadratic cascade DC/DC hoost converter has not caused any change in the output voltage despite the variable
load and input voltage values. As a result, the proposed system is longer lasting compared to the conventional boost converters.
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I. INTRODUCTION

One of the most common types of DC/DC converters is the
boost converters. This converter increases the input DC
voltage at a certain level to a higher DC voltage level. Boost
converters are especially used excessively in power electronics
applications. Boost converters are indispensable especially in
renewable energy applications because they regulate the
variable voltage and raise low input voltage values.
Applications using DC/DC hoost converters are automotive
applications, power amplifier applications, adaptive control
applications, battery power systems, consumer electronics,
and communication applications [1], [2].

Nowadays, renewable energy sources such as solar energy,
wind energy, wave energy, and fuel cell have become an
alternative energy source with the increasing damage caused
by fossil fuels to the environment [3], [4]. However, the
current and voltage characteristics of these renewable energy
systems are always variable [5]. It is, therefore, necessary to
use three-phase power electronics converters in these
renewable generation systems. Among the proposed
topologies, three-phase DC/DC boost converters are used for
energy conversion in systems consisting of renewable power
sources because they can offer high efficiency and low
electromagnetic interference emissions [6], [7]. The
performance of these converters in terms of efficiency depends
on the applied control structure. To improve the amplifier
performance, different control strategies have been presented
in the literature using pulse width modulation (PWM), space
vector modulation, soft switching, nonlinear and adaptive
control methods [8]-[13]. These methods are used to control
the system in applications involving renewable power systems
and to make the system less affected by the variable
parameters.

In this study, the DC/DC boost converter with a Pl controller
is designed as a cascade. This approach is based on the
principle of increasing the performance and efficiency of the
system by using two or more cascade boost converters at the
same time. It is aimed to extend the life of the structure by
dividing the current at the system entrance. In addition, the
total number of semiconductor elements in the system is less
than that of conventional boost converters. The Pl controller
block used in the design minimizes the fluctuations in the
output voltage by controlling the voltage generation by
changing the pulse widths applied to the MOSFETS in the
converter.

Il. MATERIALS AND METHOD

The basis of this study is the quadratic boost converter with
voltage gain 4 when the pulse width is 0.5. The advantages of
the structure are that thanks to the cascade connections do not
increase the number of the power switch, only the addition of
new inductor, capacitor and diode are sufficient and it can
operate with only one controller circuit. The control circuit is
designed by analyzing the mathematical equations of the
circuit. The main purpose of the control circuit is to apply it to
power supplies that produce different voltages and to keep the
output voltage constant. In addition, since the load values
connected to the circuit can change at any time, the control
circuit generates different pulse widths and applies them to the
power switch to keep the output voltage of the circuit stable.

The PI controller design is based on the dynamic model of
the circuit. The circuit diagram is shown in Fig. 1 with the
switch closed in the quadratic cascade boost converter.
According to this diagram, inductor and capacitor equations
are as follows.
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Fig. 1. Quadratic cascade boost converter (switch off)
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Thanks to these equations, we can easily obtain the state
space equations of the system.
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The circuit diagram is shown in Fig. 2 with the switch on in
the quadratic cascade boost converter. According to this
diagram, inductor and capacitor equations are as follows.
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Fig. 2. Quadratic cascade boost converter (switch on)
di di
le_ilzvin_vclr de_iz=vc1_vo
3)
dvg, . , dvy _ v
G Ty, 2 2 T, TR

What is important for the P1 controller design is to calculate
the correlation between inductor currents or derivatives of
capacitor voltages. According to this;

vy

€273

+%=(1—d)iL2=u (4)
correlation is obtained. In this equation, u is the output of the
PI controller. When the equation (4) is arranged; the equation
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is obtained. The closed-loop transfer function of a P1 controller
is expressed as follows:

1
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If we edit this obtained equation;
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is obtained. Finally, when the equations are compared, the
coefficients k,, and k; are calculated as follows.
kp = Zg(l)ocz —% y ki:w%(:z

®)

As a result of the equations and calculated parameters, the
voltage control scheme of the quadratic cascade boost
converter is shown in Fig. 3.
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Fig. 3. Voltage control diagram of the quadratic cascade boost converter

I1l. RESULTS AND DISCUSSION

In this section, it is compared that the traditional boost
converters and the proposed quadratic cascade boost
converters. The circuit diagram of the designed quadratic
cascade boost converter is shown in Fig. 4.
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Fig. 4. Designed quadratic cascade boost converter circuit diagram

Then, the PI controller circuit is added to the designed
circuit to evaluate the performance of the structure. The system
parameters have been calculated as k,, = 0.002 and k; = 2.54
when placed in Eq. (8). The best results have been obtained
with these values. The purpose of using the PI controller in the
system is to obtain a constant voltage at the output by
controlling the changes in the input voltage of the system or
sudden changes of the loads at the system output. Usually, the
output voltage in the controller circuits is compared to a
reference voltage and the resulting signal is applied to the
controller as input. The controller circuit designed in this study
takes the inductor current on the second floor of the cascade
circuit as an example. This reveals the difference between the
designed controller from the other controllers.

The block diagram of the proposed design is shown in Fig.
5. Accordingly, using low-power converters in parallel instead
of high-power converters has several advantages. Some of
these advantages are; higher efficiency, better dynamic
response time, better load regulation, higher reliability, easier
maintenance, and smaller energy storage devices. The
majority of losses in the system are directly related to the
currents passing through the inductors. Therefore, the
converters are connected in parallel to reduce these currents as
much as possible and achieve fewer loss values. In this way,
the current at the system input is divided on parallel paths. By
increasing these paths, the current flowing through each floor
decreases to a lesser value and transmission and switching
losses on the elements are reduced and system efficiency is
increased.
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Fig. 5. Block diagram of the proposed design

In the system, two or more cascade boost converters have
been connected as parallel with the PI controller and PWM
modulator at the input and output of the system. The power
value that can be transferred increases with the increase of the
floors. At higher power ratings, it is necessary to increase the
number of floors in order for the circuit to operate with safe
and low current values.

The proposed quadratic double-floor cascade boost
converter is more advantageous than a single-floor boost
converter. In particular, if any of the circuits fails, at least one
circuit continues to generate a voltage. The output voltage
fluctuation is very small. Current fluctuations of the inductors
at the input are below 5%. Furthermore, one of the
characteristics of the boost converter circuit is that the output
voltage is not affected too much even if the load at the output
changes. Fig. 6 shows the voltage changes at the system output
for different output load values.
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Fig. 6. System output voltages at different loads

Accordingly, the output voltages have remained constant
when the output load changes. The load values have been
changed to 10, 50Q, 300Q and 1000Q respectively. In
contrast, the output voltages have been conveniently fixed to
100V. In a well-controlled boost circuit, the output voltage
remains constant, no matter how much the input voltage
changes. However, as a result of the input voltage changes
while the output load is constant, the voltage graph at the
system output is shown in Fig. 7. Input voltage values have
been changed to 15V, 21V and 35V respectively. Despite these

changes, the system output voltage increased to 80V and
remained constant around 80V.
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Fig. 7. System output voltages at different input voltages

The elements used in the designed circuit are given in Table
1. Accordingly, the proposed cascade boost converter and the
conventional structure have compared. Under the same
conditions (input voltage, load, frequency and pulse width),
the voltage gain of the proposed cascade circuit has been
determined to be higher. Considering fluctuation rates, this
ratio is acceptable level in both structures.

Furthermore, the comparison of the proposed structure and
the conventional structure at different output powers is shown
in Fig. 8. According to these results, it is observed that the
proposed structure is more efficient at high values of output
power.

Table 1. The proposed structure and conventional structure values

Proposed Conventional
L1=3 mH Li=7 mH
L>=3 mH L>=3mH
C1=33 uF C1=33 uF
C2=330 uF C2=330 uF
RL1=0.3 Q RL1=0.7 Q
RL2=0.3 Q RL2=0.3 Q
Vin(DC)=30 V Vin(DC)=30 V
R=450 Q R=450 Q
M: Duty-cycle=0.5 Mi2 Duty-cycle=0.5
Frequency=10 kHz Frequency=10 kHz
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Fig. 8. Comparison of the efficiency of two structures at different output
powers

The simulation results obtained by changing the load values
at the system output between 50 Q and 450 Q and the input
voltage between 18 V and 45 V are given in Fig. 9.
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Fig. 9. Efficiency comparison between parallel proposed and parallel
conventional boost converters according to the system output
power

Accordingly, 50 V voltage and 2% THD (Total Harmonic
Distortion) were obtained at the output of the proposed
structure. Fig. 9 shows the efficiency comparison of these two
structures relative to the output power values. As a result, a
quadratic cascade boost converter designed in the study has
been understood to be more efficient than conventional boost
converters.

IV.CONCLUSION

In this study, a new model is presented by using a PI
controller and PWM technique for cascade DC/DC boost
converters. Quadratic DC/DC boost converter has been used
for each floor. More than two parallel floors have been used
for power transfer, depending on the system input power or the
boost converter capacity used on each floor. Thanks to the
designed PI controller, the system has operated with stable and
high efficiency at different input voltages and output loads.
The main advantage of the proposed structure is that by
dividing the input current in parallel paths, less current flows
in the circuit elements and switches, thus providing longer life
and higher efficiency of the system. In addition, the proposed
structure can be easily applied to all renewable energy sources
because the input currents of the floors have a very small
fluctuation rate.

In future applications of this structure, studies in the higher
powers can be done. In addition, different boost structures can
be used on the floors. Furthermore, applications with different
loads can be realized by converting the generated DC voltage
to AC values with different inverter structures.

[1]

[2

31

(4]

[5]
(6]

[71

(8l

(9]

[10]

[11]

[12]

[13]

REFERENCES

R. O. Caceres, and 1. Barbi, “A boost DC-AC converter: Analysis,
design, and experimentation,” IEEE Transactions on Power
Electronics, vol. 14, pp. 134-141, Jan. 1999.

Po-Wa Lee, Yim-Shu Lee, D. K. W. Cheng, and Xiu-Cheng Liu,
""Steady-state analysis of an interleaved boost converter with coupled
inductors,” IEEE Transactions on Industrial Electronics, vol. 47, no. 4,
pp. 787-795, Aug. 2000.

T. Wu, Y. Lai, J. Hung, and Y. Chen, "Boost Converter with Coupled
Inductors and Buck—Boost Type of Active Clamp," IEEE Transactions
on Industrial Electronics, vol. 55, no. 1, pp. 154-162, Jan. 2008.

J. C. Rosas-Caro, J. M. Ramirez, F. Z. Peng, and A. Valderrabano, “A
DC-DC multilevel boost converter,” IET Power Electronics, vol. 3, no.
1, pp. 129-137, 2010.

H. Fathabadi, "Novel high efficiency DC/DC boost converter for using
in photovoltaic systems," Solar Energy, vol. 125, pp. 22-31, 2016.

F. M. Shahir, E. Babaei, and M. Farsadi, "Extended Topology for a
Boost DC-DC Converter,” IEEE Transactions on Power Electronics,
vol. 34, no. 3, pp. 2375-2384, March 2019.

H. Han, R. Tan, J. Yang, H. Wang, S. Ning, and M. Shen, "A novel
efficient tri-state boost converter," 2017 IEEE Electrical Power and
Energy Conference (EPEC), Saskatoon, SK, 2017, pp. 1-6.

M. Muhammad, M. Armstrong, and M. A. Elgendy, "A Nonisolated
Interleaved Boost Converter for High-Voltage Gain Applications,”
IEEE Journal of Emerging and Selected Topics in Power Electronics,
vol. 4, no. 2, pp. 352-362, June 2016.

F. Deng, and Z. Chen, "Voltage-Balancing Method for Modular
Multilevel Converters Under Phase-Shifted Carrier-Based Pulsewidth
Modulation," IEEE Transactions on Industrial Electronics, vol. 62, no.
7, pp. 4158-4169, July 2015.

B. Zhao, Q. Song, W. Liu, G. Liu, and Y. Zhao, "Universal High-
Frequency-Link Characterization and Practical Fundamental-Optimal
Strategy for Dual-Active-Bridge DC-DC Converter Under PWM Plus
Phase-Shift Control," IEEE Transactions on Power Electronics, vol.
30, no. 12, pp. 6488-6494, Dec. 2015.

Y. Deng, Y. Wang, K. H. Teo, M. Saeedifard, and R. G. Harley,
"Optimized Control of the Modular Multilevel Converter Based on
Space Vector Modulation," IEEE Transactions on Power Electronics,
vol. 33, no. 7, pp. 5697-5711, July 2018.

W. Li, J. Hu, S. Hu, H. Yang, H. Yang, and X. He, "Capacitor Voltage
Balance Control of Five-Level Modular Composited Converter with
Hybrid Space Vector Modulation,” IEEE Transactions on Power
Electronics, vol. 33, no. 7, pp. 5629-5640, July 2018.

Z.Gao, T. Chen, and C. Zhang, “Control of an active bus voltage limiter
with modified space vector pulse width modulation strategies in
regenerative applications,” Control Engineering Practice, vol. 83, pp.
176-187, 2019.

119





