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4.1 Introduction to Flying Capacitor Multilevel Converter

A Flying Capacitor Multilevel Converter (FCMC) is a type of power
electronic converter that is part of the multilevel converter family, designed
to synthesize a desired voltage from several smaller voltage levels, typically
derived from capacitor voltage sources. This converter topology is widely
used in high-power applications, where efficient and precise voltage control

is required.

The flying capacitor multilevel converter (FCMC) uses capacitors to
create multiple voltage levels, offering a flexible and modular design for
power electronics applications like electric vehicles and renewable energy

systems, balancing voltage and improving power density.

The FCMC, also known as a floating capacitor or capacitor-clamped
multilevel inverter, uses capacitors to create multiple voltage levels, which

are then used to synthesize a desired output voltage waveform.

In flying capacitor multilevel converter capacitors are connected in a
series-parallel configuration, allowing them to "float" to different electric
potentials depending on the switching state of the semiconductor

switches.

Key Features of Flying Capacitor Multilevel Converter:

1. Multilevel Topology: The FCMC operates by generating multiple

voltage levels, which helps in producing a staircase-like output
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waveform. This results in reduced Total Harmonic Distortion (THD)

compared to traditional two-level converters, improving the overall

power quality.
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Figure 4.1.1 General stage of the FCMC

[Source: “Multilevel Converters for Industrial Applications” Page: 116]

2. Flying Capacitors: The unique feature of FCMC is the use of flying
(floating) capacitors. These capacitors are connected between the
switching devices, enabling voltage balancing across the different
levels. The flying capacitors store energy and help in maintaining

voltage stability between the converter levels.
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3. Modularity: FCMC is a modular design, meaning it can be extended by

adding more levels to the converter, which allows it to be scaled for
different voltage and power levels without significant changes in
design.

Voltage Balancing: One of the significant advantages of flying
capacitor converters is their inherent ability to achieve self-balancing
of capacitor voltages. This simplifies the control strategy required for

voltage management.

Benefits of Flying Capacitor Multilevel Converters:

Lower Harmonic Distortion: The staircase-like voltage waveform
reduces the harmonic content in the output, which minimizes the
need for large filters.

High Efficiency: Due to lower switching losses and the use of multiple
voltage levels, FCMCs can achieve high efficiency in high-power
applications.

Flexible Voltage Control: The ability to control voltage at different
levels provides greater flexibility in managing output voltage and

power quality.

Applications:

Flying capacitor multilevel converters are primarily used in high-voltage,

high-power applications, including:

Renewable Energy Systems: Integration of wind and solar energy into

the grid.
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o Industrial Drives: High-power motor drives used in industries like

cement, steel, and mining.

« Power Distribution: Grid-connected systems where power quality and
voltage stability are critical.

« Electric Vehicles (EVs): Inverters used in electric vehicle propulsion

systemes.

In summary, the Flying Capacitor Multilevel Converter is an advanced
converter topology that offers numerous benefits for high-power, high-
voltage applications. Its use of floating capacitors, modular design, and
ability to generate high-quality voltage output make it an ideal choice for

various industrial and renewable energy systems.
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