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Abstract— A three-level boost converter uses a
smaller inductor and lower voltage devices than the
conventional boost converter. It has two capacitors
connected in series across the output which leads to
voltage imbalance problem due to mismatched
capacitances. If not balanced, one of the capacitor
voltages may be larger than the breakdown voltage
of the switch, which would contribute to make
damage to the switch. In this work the capacitor
voltage imbalance problem has been studied for a
three level boost converter. This capacitor voltage is
balanced by the adopted control strategy by sensing
the voltage across the two capacitors. The
simulation of the voltage imbalance mitigation
strategy is done by MATLAB/ Simulink.

Keywords- Power factor correction, Voltage
imbalance

l. INTRODUCTION

Recently, a single-phase unidirectional ac-
to-dc rectifier with boost topology has been widely
used as a front-end due to its good performance
characteristics, as compared with thyristor rectifiers
and diode rectifiers. It posses high power factor, low
current harmonic distortion[2],[3], and small filter
requirement. The boost topology has properties of
step-up voltage ratio, simple control, and continuous
input current. For high-voltage applications [4], the
power devices with high voltage stress are generally
required. A three phase three-level rectifier could
reduce the voltage stress and power losses on the
power devices.

In the traditional two-level boost topology,
the output voltage is usually controlled dc when the
input voltage is ac. If the input voltage increases or a
higher output voltage is expected, the output voltage
will increase accordingly, which means the power
switches should withstand a higher voltage stress
than the actual. It will result in the increase of the
switching loss and conducting loss. The selection of
power switches become difficult since the MOSFET
with a high rated voltage is of shortage and
expensive. A conventional single-phase three-level
rectifier requires eight power switches and 12 power
switches for a three-phase rectifier to perform
bidirectional power flow. The drawback of this
topology is a large number of power devices. If only
unidirectional power flow is required, the number of
power devices can be reduced significantly.

For the conventional boost converter, the
single switch needs to withstand the dc output
voltage when the single switch blocks. The two
cascaded switches and two cascaded capacitors are
connected together in the three-level boosting dc/dc
converter. When one of the switches conducts and
the other blocks, the blocking switch needs to
withstand only half dc output voltage if both
capacitor voltages are balanced. If not balanced, one
of the capacitor voltages may be larger than the
breakdown voltage of the switch, which would
contribute to make damage to the switch. So various
control strategies which could compensate the
voltage imbalance by using a voltage balancing
control loop could be found in [7],[11],[12],.

It is noted that the inductor voltage in the
three-level boost dc/dc converter has three levels,
which makes the three-level boosting dc/dc
converter to have smaller inductor current ripple
than the boost converter under the same switching
frequency. Therefore, the three-level boost
converters are often used in the high-voltage-ratio
applications [4], such as the fuel cell applications [5],
[6] and the grid-connected applications [7]-[9].

A three level boosting converter could be
used for PFC if ac voltage is applied as the input and
if a rectifier is provided in the input section [9]-[13].
This single phase three-level circuit based on the
three-level boost topology provides a good solution
for a single phase PFC[16] operating under high
voltage and high frequency conditions. The various
control strategies adopted should find a solution for
both PFC as well as capacitor voltage balancing [1].

In [11] a control scheme for a single-phase
ac-to-dc converter with three-level pulse width
modulation was done. A single-phase power-factor-
correction circuit was adopted which could improve
the power quality. The hysteresis current control
technique for a diode bridge with two power
switches is adopted to achieve a high power factor
and low harmonic distortion. A control scheme was
introduced where the line current is driven to follow
the reference sinusoidal current which is derived
from the dc-link voltage regulator, the capacitor
voltage balance compensator, and the output power
estimator.

Voltage balance issue of dc-link capacitors
is important for applications of a cascade multilevel
converter [14] or a modular multilevel converter. In
[15], a novel diode-clamped modular multilevel
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converter topology was adopted and a power
feedback control method was developed. With the
developed control strategy, the diode-clamped
circuit becomes a controllable closed loop which
enables the capacitor voltages to be clamped by low
power rating clamping diodes.

The circuit operation modes and the two
capacitor voltage balancing strategies are described
in section 1l. The section Il includes the simulation
analysis and section IV presents the experimental
results to verify the theory. Sections V include the

conclusion.

Il.  THREE LEVEL BOOST CONVERTER
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Fig. 1. Three level boost converter

A three level boosting converter is shown in
fig. 1. It consists of two switches SW1 and SW2 and
two switches can be operating at the same time
without concern of short circuit. With these two
switches there are two four operating states for this
converter. As shown in fig. 2(a), both switches turn
ON in the switching statel. Thus, the inductor
voltage V| in the three-level boosting PFC converter
equals the rectified input voltage V| = |Vs | and both
capacitors supply energy to the load.

In the switching state2 in fig. 2(b), the top
switch turns ON and the bottom switch turns OFF.
The resulting inductor voltage V. equals the
rectified input voltage |Vs | minus the bottom
capacitor voltage, V| = |[Vs| — Vc,. Additionally, the
capacitor C1 supplies energy to the load but the

Vq

capacitor C2 stores the energy from the input voltage.

The switching state3 is shown in fig. 2(c).
Here the resulting inductor voltage in equals the
rectified input voltage minus the top capacitor
voltage V. = |Vs| — Vci. In this state the top
capacitor C1 is charged but the bottom capacitor C2
is discharged.

The switching state4 is shown in fig. 2(d).
When both switches turned OFF the resulting
inductor voltage equals the rectified input voltage
minus the output voltage V| = |Vs| — V4 = |Vs| = V1
— Vco. The rectified input voltage |Vs| supplies the

load current and charges both capacitors
simultaneously.
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Fig. 2. Switching states of a three level boost converter (a)
statelcircuit (b) state2 circuit (c) State3 circuit (d) state4 circuit
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Fig. 3. Behavior of the three-level boosting converter. (a) 2 >
Vcontl + Vcont2 > land (b) 1 > Vcontl + Vcont2 > 0

The behaviour of the three-level boosting
converter can be divided into two cases as shown in
fig. 3. In the case of 2 > Vnu + Veonr > 1, two
switches may conduct at the same time within the
switching period Ts and there are switching state 1,
state 2, and state 3. In the other case of 1 > V g +
Veonte > 0, only switching state 2, state 3, and state 4
exist. In the case of 2 > Vonu + Veonrz > 1 in fig. 3(a),
the conducting times of the switching state 2 and the
switching state 3 are (I — Vg )Ts and (1 —
Veont) TS , respectively. The remaining time for the
switching state 1 is (Veont + Veonz — 1) TS . Similarly,
for the other case of 1 > Vonu + Veone > 0 in fig.
3(b), the conducting times of the switching state 2
and state 3 are Veonuu TS and Vo TS , respectively.
The remaining time for the switching state 4 is (1 —
Veontt — VcontZ)Ts-

The mismatched capacitance and equivalent
series resistance would result in voltage imbalance
across the two capacitors. This voltage imbalance
should be detected and is mitigated by using a
control strategy which senses the voltage across two
capacitors as is shown in fig. 4.

Fig. 4 .Three level boost converter control strategy by sensing the
voltage across the two capacitor.

The ac input voltage is applied to the diode
rectifier and thus the input voltage of the three-level
boosting converter can be expressed with the
rectified voltage [Vs |. By assuming that the
switching frequency fs is much larger than the line
frequency f, the control signals Ve and Veen, Can
be regarded as two constants within the switching
period Ts = 1/fs. Also inductor and capacitors are
assumed to be ideal which means that the the
inductor resistance and the capacitor resistances are
assumed to be zero. In fig. 3, two triangular signals
Vyiz and Vi, are interleaved by 180°. The multiloop
control generates the control signal V¢, and then,
the gate signal GT1 is generated from the
comparison of the control signal V¢ and the
triangular signal V. The voltage imbalance is
detected by sensing the voltage across two
capacitors the compensation signal AV IS
generated. Then, the other control signal V oy is
obtained by adding the compensation signal AV gy
to the control signal V. The gate signal GT2 is
obtained from the comparison of the control signal
Veontz @and the triangular signals V.

1. SIMULATION AND RESULTS

The simulation of the proposed method is
done in MATLAB2010. The focus was on the output
voltage and the voltage across the two capacitors.
The switching frequency is taken as 20kHz.The ac
input voltage applied to the circuit is 110V.The
values of two capacitors C1 and C2 are 2240uF and
1510uF and that of inductor is 0.5mH. The value of
load resistance is taken as 150Q.

Fig. 5. Simulation model by sensing the capacitor voltages
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The controlling is done by using fuzzy. The
simulink model of the circuit using fuzzy controller
is shown in fig. 5. The dc output voltage is obtained
as 300V. Also the voltage across the both the
capacitors are 150V which proves that the voltages
are balanced.. The power factor measured is 0.99.
The simulated waveforms of output voltage and
capacitor voltages are shown in fig. 6(a),fig. 6(b)
and fig. 6(c) respectively.
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Fig. 6.(a) Output voltage (b) VVoltage across capacitor C1(c)
Voltage across capacitor C2.

IV. EXPERIMENTAL RESULTS

The system is implemented by using
dsP1C30f2010 controller. The nominal parameters
are shown in table I. Four ADC channels are used to
sense the input voltage, output voltage, capacitor
voltage and another one to provide the desired

reference voltage. In the input section the applied
230V input voltage is stepped down to 12V by using
a 230/12Vv step down transformer. The output
voltage is regulated at 28V. The experimental setup
and output voltage waveform are shown in fig. 7(a)
and fig. 7(b) respectively. The capacitor voltages are
measured to be 14V which proves that the voltages
are balanced. The waveform of capacitor voltages
are shown in fig. 8(a) and fig. 8(b) respectively. The
capacitors have different value of ripple voltage due
to mismatched capacitances but their average value
is almost same. The proposed system is developed
based on the assumptions of ideal inductor and ideal
capacitors.

Table I: Hardware parameters of a three level boost converter

Input voltage 12V, 50Hz
Output voltage 28V

Carrier frequency | 20kHz
Inductor .8mH
Capacitor 1000uF and 2000uF

(b)

Fig. 7.(a) Experimental setup of the proposed system (b) Output
voltage
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Fig. 8.(a) Voltage across capacitor C1 (b) Voltage across
capacitor C2S

V. CONCLUSION

A three level boost converter often used in
high voltage ratio applications is studied here. It has
two series connected capacitors in the output section
which may have voltage imbalance problem due to
mismatched capacitance and equivalent series
resistance. A control strategy is adopted to
compensate this imbalance by sensing the capacitor
voltages. This particular voltage balancing control
method is discussed. The simulation was done by
using MATLAB/Simulink. The simulation was done
by using a fuzzy logic controller. The hardware is
implemented for the same and all provided results
demonstrate the method. In addition, the proposed
voltage balancing control loop can be extended to
other circuits which needs to avoid voltage
imbalance.
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