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ABSTRACT

Cascaded H-bridge converter is one of the most widely accepted multilevel converter topologies in the medium-
voltage and high-power applications due to its modular structure, easy scalability, and fault tolerant ability. It is
already used in various applications such as solar photo voltaic (PV) systems, wind energy conversion, railway
traction, motor drives, battery energy storage system, static synchronous compensators (STATCOM), etc.

CHB converter is a prevalent topology for medium-voltage high-power STATCOM applications where only
reactive power is exchanged with the grid. However, due to the large number of power devices in CHB converter,
the possibility of a devices failure in the converter is high. Hence, fault-tolerant operation of the CHB converter
is essential in STATCOM application where continuous reactive power support is necessary for maintaining the
voltage stability of the grid. Several works have been done to operate the CHB STATCOM with a fault condition
inside the converter. However, a suitable fault tolerant technique to sustain multiple number of faulty devices or
cells inside the CHB STATCOM is not explored much. Additionally, the CHB STATCOM converter poses a
challenge of cell capacitor voltage balancing during post-fault conditions. In this work, a multiple-fault-tolerant
topology for CHB STATCOM is proposed which uses a redundant module in the event of a fault inside the
converter. A novel geometrical approach is proposed which helps to maintain the pre-fault angle between output
voltages of the remaining healthy cells and the line currents, so that zero average active power flow is ensured.
Maintaining zero average active power guarantees the balanced capacitor voltages of the remaining healthy CHB
cells. In addition to this geometrical technique maintains the capacitor voltage of the redundant cell. The post-
fault voltage and reactive power capability of the CHB STATCOM is maintained same as pre-fault conditions.

Further, a fundamental zero-sequence voltage based new approach is proposed to operate the remaining healthy
cells and the redundant cell during post-fault conditions. This approach is based on the reactive power distributions
during post-fault conditions of the CHB STATCOM. In addition to this, the output voltages of the CHB
STATCOM are maximized by adding the harmonic voltages to the fundamental output voltages of the CHB cells.
It helps in optimally utilizing the DC-link voltages of the cell capacitors. During post-fault conditions, natural
cancellation of harmonic voltages does not happen due to unequal number of operating cells. Hence, a harmonic
compensation method is reported in this thesis where the redundant cell generates compensatory harmonic
voltages for restricting the flow of the harmonics into the grid currents.

One important aspect of CHB STATCOM is to continuously operate it even with a single or multiple number
of faulty cells until the next schedule maintenance is done for the converter. During this time interval, the faulty
CHB STATCOM must sustain the grid disturbances and support the grid with the reactive power injection and at
the same maintain its cell capacitor balanced. The grid disturbances may be caused due to a variety of reasons
such as grid voltage sag due to grid faults or unbalanced loading etc. During such unbalanced grid conditions, due
to cross interaction of the positive and negative sequence voltages and currents, per phase average active powers
are not always zero. This non-zero average active power diverges the capacitor voltages of phases of CHB
STATCOM and may lead to disconnection of the converter due to overvoltage trip. The operation of the CHB
STATCOM becomes more challenging when there is a fault inside the converter. To operate the faulty CHB
STATCOM stably during grid unbalanced conditions, a coordinated control is proposed in this thesis. By virtue



of the proposed control, the faulty CHB STATCOM supports the unbalanced grid with positive as well as negative
sequence currents and maintains its cell capacitor voltages balanced.

Similar to CHB STATCOM, the fault tolerant feature of the CHB converter is highly attractive for medium
voltage (MV) drives where continuity of service is essential. With the available fault tolerant techniques, although
the CHB converter can offer continuity of operation at reduced voltage, the performance of the motor is degraded
due to its power and speed limitations. Hence, in this work, a fault tolerant topology of CHB converter is reported
where redundant cells are used to maintain the rated voltage of the CHB converter even with multiple number of
faulty cells. The redundant cells are inserted to the power circuit of the converter during post-fault conditions and
fed power from the existing pre-charge windings which remain dormant after starting up process of the drive.
Hence, by utilizing these pre-charge windings along with the redundant cells, a multiple-fault-tolerant topology

of CHB converter is developed for MV drive applications.

vi
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