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Abstract

Cascaded H-bridge (CHB) multilevel converter is becoming one of the most promising candi-
dates for medium voltage and high power application owing to its features like modularity,
scalability, low dv/dt, good power quality and fault tolerant ability. It is a very suitable con-
verter to be used in medium voltage applications like the integration with large scale PV system
and medium voltage motor drives. In this thesis, various challenges during the operation of
CHB converter for such applications are discussed.

One of the requirements of a large-scale photovoltaic (PV) system connected to MV grid is
to have both active and reactive power exchange capability along with balanced currents supply
to the grid. However, this poses a challenge for the CHB converter because of the unbalanced
power generation among the clusters or cells due to variation in radiation level, temperature,
dusting on PV cells etc. In order to inject balanced power (and current) to the grid, a controlled
exchange of reactive power is proposed so that the converter can work with unbalanced power
generation within the clusters. The magnitude of reactive power exchange is derived and the
necessary conditions to prevent overmodulation are discussed. In addition, the magnitude of
zero sequence voltage is derived taking into account both active and reactive power exchange
with the MV grid. Use of Barycentric coordinate system is introduced which helps to identify
regions in the power plane where the exchange of reactive power is required.

Fault-tolerant operation is a key feature of CHB converter where the converter operates
continuously with faulty bypassed cells. After bypassing the faulty cells, the number of healthy
cells decreases, the available dc-link voltage reduces and active powers among the phases be-
come unequal. As a result, the converter produces unbalanced and distorted grid currents. A
novel zero-sequence voltage injection technique is proposed for balancing the grid currents and

preventing overmodulation in each cell of the converter. The proposed technique extends the



reactive power capability of the converter during the post fault condition. Additionally, it also
helps in achieving equal active and reactive power flow in each phase of the converter. A new
PWM clamping strategy is also proposed to implement the zero-sequence voltage addition in
the converter.

Another requirement for a large scale grid connected PV converter is its ability to stay
connected to the grid during grid voltage sags and supplying reactive power to support the grid
voltages. The CHB converter is analyzed considering balanced and unbalanced power genera-
tion among the phases as well as Low Voltage Ride Through (LVRT) operation. The aim here
is to inject balanced current in the grid during unbalanced power generation and unbalanced
voltage sags in the grid. An expression of zero-sequence voltage is derived to control the active
power flow among the phases for maintaining dc link voltage under unbalanced power genera-
tion, during unsymmetrical voltage sags. The positive sequence current is supplied to the grid
to meet the LVRT requirements while the negative sequence current is controlled to be zero.
It is also ensured that the grid currents magnitude would not exceed the overcurrent rating of
the converter.

Finally, a new strategy for the operation of a cascaded H-bridge converter based motor
drives is proposed under the post-fault condition when the faulty cells are bypassed. During
the post-fault condition, the phase voltages of the converter become unbalanced which causes
unequal power handling by each healthy power cell causing an uneven rise of temperature in
the cells. In the proposed strategy, the zero sequence voltage not only ensures maximum line
voltage availability from the converter but additionally the power handled by each cell remains
equal. A closed-loop control along with a clamped pulsewidth modulation strategy is used to
maximize the line voltage and ensuring equal power handing by each cell during the postfault
condition. In all the work presented in the thesis, simulation and experimental results are

included to validate the proposed strategies.
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