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ABSTRACT

Due to their appealing qualities in power quality and ease of expansion compared to
two-level or three-level inverters, cascaded H-bridge (CHB) inverters have been widely used
in distributed photovoltaic (PV) power generating systems. Because they can automatically
balance the power difference between phases, modular inverters with an interphase structure
made up of four-port isolated DC/DC converters and CHB inverters are mainly preferred by
academia and industry. Such modular inverters still have a few problems that need to be fixed,
including power imbalance between modules in the same phase. This could endanger the safe
and stable operation of the complete modular inverter and cause over-modulation of some H-
bridge inverter modules and grid-connected current distortion. This work proposes an AC
voltage balancer to establish a power balance between nearby H-bridge inverter units in
response to this issue. A better modulation approach is also described to achieve soft switching
of VB.

l. INTRODUCTION

The CHB inverters [1-3] are a preferable option for integrating large-scale distributed
PV into the grid in medium-voltage AC (MVAC) applications due to attractive features such
as better power quality and generating output voltages much greater than the withstand voltage
of the switching devices. Furthermore, CHB inverters can be used to integrate large-scale
energy storage systems and wind turbines into the grid. As a result, using CHB inverters has
piqued the interest of academia and industry. Interphase power imbalance will result in
asymmetrical three-phase grid-connected currents. EXxisting techniques include zero-sequence
current injection [4] and zero-sequence voltage injection [5, but both schemes have low
compensability [6]. Researchers proposed a two-stage converter combining quadruple active
bridge (QAB) converters with CHB inverters to solve the issue of interphase power imbalance
more fully [7-15].

The preceding study work relates to fixing the cause of interphase imbalances in power
but does not address interphase power imbalance. The output currents of the rear-stage H-
bridge inverter units of different PV modules are equal since they are connected in series. When
the power of different PV modules differs, the rear-stage H-bridge inverter unit's output voltage
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is proportional to the corresponding PV module's output power. Some H-bridge units will be
over-modulated if the output power differential between PV modules exceeds a particular
threshold. Over-modulation will create grid-connected current distortion and possibly
instability, impacting the overall dependability and safety of the converter. It is required to
overcome the intra-phase power imbalance issue to improve the practical application value.

The simplest technique to address intra-phase power imbalance is to achieve voltage
equalization on the AC side of each H-bridge inverter unit. There are mature techniques for
voltage equalization in battery energy storage systems and super capacitor applications.
Furthermore, there are some studies on the voltage equalization of cascaded converters in the
application of medium-voltage DC-distributed PV systems, and the DC voltage balancer is
employed to help realize voltage equalization. The DC voltage balancer's operating concept is
to manage the energy exchange between the two capacitors by regulating the duty cycle of the
switching device and then to achieve voltage equalization of the two capacitors. However, the
approaches described above are ineffective for CHB voltage equalization since they cannot
function when the capacitor voltage polarity is negative. As a result, this study proposes an
ACVB. The bidirectional switch configuration enables the ACVB to function effectively even
when the voltage polarity of capacitors C1 and C2 is negative. On the other hand, the presence
of bidirectional switching causes the current of inductor L1 to lose its continuous current circuit
during the dead zone. A brief reduction in inductor current to zero results in a very high voltage
across the inductor, which may cause the switching device to burn out. This means that the
modulation approach used on the DC voltage balancer will not work on the ACVB. To address
this issue, this study provides an enhanced modulation technique that not only assures the
inductor's continuous current circuit during the dead zone, but also aids in the soft switching
of the ACVB's switching devices.

Il. PROPOSED CONTROL STRATEGY

The general Cascaded H-bridges are interconnected with the power Balancing Auxiliary
circuit through the inductor L configuration shown in fig. 1. When the distributed PV
inverter is not equipped with ACVB, the impact of the differential in output power of the
PV panels inside each sub-module on the overall modular inverter is briefly examined here.
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Fig. 1 Block diagram of multilevel CHB inverter with power balancing module
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The power output from the PV panels within a single sub-module should ideally be distributed
evenly among the three rear-stage H-bridge inverters. The DC voltage balancer's operating
concept is to manage the energy exchange between the two capacitors by regulating the duty
cycle of the switching device, and then to achieve voltage equalization of the two capacitors.
However, the approaches described above are ineffective for CHB voltage equalization since
they cannot function when the capacitor voltage polarity is negative. Even if the voltage
polarity of capacitors C1 and C2 is negative, the bidirectional switch setting must be regarded
for appropriate operation. On the other hand, the presence of bidirectional switching causes the
current of inductor L1 to lose its continuous current circuit during the dead zone.
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Fig. 2(a) Power balance circuit

A brief reduction in inductor current to zero results in a very high voltage across the inductor,
which may cause the switching device to burn out. This means that the modulation approach
used on the DC voltage balancer will not work on the Voltage Balance shown in Fig.2.

II. RESULTS:

In Matlab/simulink, a three-phase 7-level (three cells each phase) cascaded H-bridge
inverter is simulated and tested; simulation results are used to validate the proposed ideals.
Fig.3 gives the actual signal, modulation index value and the actual modulation voltage signal
in the balanced condition. Individual three H-bridges in each phase were powered by three
single-phase voltage sources with Umax=100V and 50Hz utilizing single-phase diode
rectifiers. Each dc-link contains a capacitor bank with a capacitance of 2400 F. The simulation
studies were performed for a 3-phase RL load with R=3 and L =2mH. The length of the
reference voltage vector was 420V, and the frequency of the output voltage was 50Hz.
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Fig.3. Actual Modulation wave form

Figure 4 shows the balanced three-phase grid voltages. Figure 5 depicts the grid voltage and
current waveforms with real and reactive power injection under strong grid conditions (short-
circuit ratio: SCR =infinite). The grid current total harmonic distortion (THD) is roughly 3%,
which is mostly due to switching current ripples. CBDPWM waveform simulation.MCB-
DPWM and Loss with m=0.4 and m=0.7, respectively. To reduce switching losses, the phase
with the highest current can be clamped using either approach. Fortunately, the suggested
MCBDPWM modulation methods produce no zero-crossing distortion. Furthermore, the
proposed MCB-DPWM has a smaller zero-crossing clamping region than DPWM3, lowering
the action time of some single redundant tiny vectors. Fig. 6 represents the difference between
the DC-link voltages in the individual H-Bridge in phases.
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Fig.4. balanced three phase grid currents
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Fig. 5 Voltage, current and load current at balanced conditions
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Fig. 6 Difference between the DC-link voltages in the individual H-Bridges in phase
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IV.  CONCLUSION:

This work presents a Voltage Balance circuit to balance the output voltage of each sub-
module post-stage H-bridge inverter to address the problem of intra-phase power imbalance
in distributed PV inverters. In addition, an enhanced modulation approach for Voltage
Balance is given, which can aid in implementing soft switching. The suggested Voltage
Balance circuit and improved modulation technique are simple in structure and control,
making them suitable for practical applications. The downside of this Voltage Balance
circuit is that it cannot achieve soft switching of all switches, and further research will be
conducted to achieve soft switching of all switches. The experimental results validate the
suggested Voltage Balance circuit and the improved modulation approach.
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