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1.2 Generalized Topology of Multilevel power converters with a Common DC Bus

A Generalized Topology with a Common DC Bus refers to a power converter
structure where multiple power converter stages share a common DC bus, allowing for
the integration of multiple converter units into a unified system. This common DC bus
architecture is especially popular in multilevel converters as it simplifies the design,
improves modularity, and can provide significant advantages in scalability and

flexibility.

In such topologies, several converter stages or cells operate together with a
common DC link or bus, and each stage generates its own voltage level (or a fraction of
the total voltage). The main advantage is that the system can effectively handle high
voltage levels by splitting them across multiple stages, which can then operate with

lower voltage components and share the voltage stress.

This type of topology is widely used in high-voltage applications, such as HVDC
(High Voltage Direct Current) systems, renewable energy systems, and electric

vehicle (EV) drives.

Key Features of the Common DC Bus Topology

1. Common DC Link: The most critical characteristic of this topology is the shared
DC bus. This DC link is a central point of connection that connects each of the
converter units or stages. The DC bus is typically connected to a DC power
source (e.g., a battery or a renewable energy source) and provides the required
power for all stages.

2. Multiple Converter Stages: Each stage or cell of the converter operates
independently but shares the same DC link. These individual converter stages
may be designed to generate different voltage levels or provide different parts
of the output waveform in a multilevel system. These converter stages are

typically:
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o Diode-clamped (Neutral-point clamped, NPC)
o Flying capacitor (FC)
o Cascaded H-bridge (CHB)

Each converter can handle a fraction of the overall voltage, and together, they

combine to form the desired output.

. Modular Design: One of the benefits of the common DC bus topology is that it
allows for modularity. As the power or voltage requirements increase, more
converter stages can be added in parallel or series to handle the additional load.
This makes it scalable and flexible.

. Balanced Voltage Sharing: A critical challenge in common DC bus systems is
ensuring that the voltage across the bus is balanced and that each converter
stage shares the load equally. To manage this, sophisticated voltage balancing
techniques are used to ensure that no converter stage exceeds its voltage limits
and the system operates efficiently.

. Lower Voltage Stress on Individual Devices: Since each stage or cell of the
converter handles a portion of the total voltage, the individual devices (such as
switches, diodes, and capacitors) in each stage experience lower voltage stress
compared to conventional two-level converters. This reduces the need for high-
voltage-rated components and enhances the overall reliability of the system.

. Reduced Harmonics and Improved Waveform Quality: By using multiple
voltage levels in a multilevel converter configuration, the output waveform
becomes closer to a sine wave, reducing harmonic distortion. The smoother the
output, the better the power quality, which is a critical factor in many industrial

and grid-connected applications.
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Generalized Topology with a Common DC Bus: Key Converter Topologies
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Figure 1.1.2 Multilevel Converter with Common DC Bus

O

[Source: “Power Electronics Circuits, Devices and Applications” by M.H. Rashid, Page: 346]

There are several types of power converter stages that can use a common DC

bus architecture. Below are the most common topologies employed:

1. Diode-Clamped Multilevel Converter (DCMLI): In a diode-clamped converter,
multiple diodes are used to clamp the voltage across various levels. The main
advantage of this topology is its simplicity, but it requires a complex set of
voltage-balancing controls to manage the DC bus voltage.

o Structure: Multiple stages (usually an NPC configuration) use diodes to
connect the DC bus to the load.

o Advantages: Lower component count, good for low- and medium-voltage
applications.

o Challenges: Voltage balancing between stages requires careful design.

2. Flying Capacitor Multilevel Converter (FCMLI): In this topology, capacitors are
used to generate different voltage levels across the DC bus. Each converter cell
contains multiple capacitors and switches, and voltage balancing of the
capacitors is critical for proper operation.
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o Structure: Flying capacitors are used as energy storage elements between
the stages of the converter, with each stage producing a distinct voltage
level.

o Advantages: More flexible in terms of voltage levels, fewer components
for high-voltage applications.

o Challenges: Capacitor voltage balancing is a complex issue, especially for
larger systems.

3. Cascaded H-Bridge (CHB) Multilevel Converter: This is one of the most common
multilevel converter topologies for a common DC bus. In this configuration,
multiple H-bridge inverter cells are connected in series, each powered by its
own isolated DC source (which could be a capacitor, battery, or other energy
source). The output is the sum of the voltages from all the individual H-bridge
cells.

o Structure: Each H-bridge has two switches that can either connect the DC
bus to the load or isolate it, allowing the generation of distinct voltage
levels.

o Advantages: Highly modular, and scaling is easier by adding more H-
bridge cells.

o Challenges: The need for multiple DC sources for each H-bridge cell.

However, with a common DC bus, only a single source is required.

Advantages of Common DC Bus Topology

1. Reduced Switching Losses: The output voltage levels are smoother in multilevel
systems, which means fewer switching transitions and, consequently, reduced
switching losses.

2. Improved Voltage Utilization: The voltage handling capability of the system can
be increased without stressing individual switches to their maximum voltage
ratings. This leads to better utilization of available voltage levels and lower

voltage stress on switches.
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3. Scalability: New converter stages can be added easily to scale up the system
without re-designing the entire system. The modular nature of the common DC
bus topology enables easy expansion of power conversion systems.

4. Enhanced Reliability: The redundancy built into the modular design improves
the overall system reliability. If one converter fails, the remaining units may
continue to operate with reduced capacity, allowing for fault tolerance.

5. Better Power Quality: The output waveform produced by a multilevel converter
is closer to a sine wave, reducing the harmonics and improving the overall
power quality, which is critical in sensitive applications like motor drives, power

grids, and renewable energy integration.

Challenges and Considerations

1. Voltage Balancing: Ensuring the voltage across the common DC bus is evenly
distributed among the stages can be challenging, especially in systems with
many stages. Advanced voltage-balancing control strategies must be
implemented.

2. Complex Control Algorithms: The control of multilevel converters with a
common DC bus often involves sophisticated algorithms to handle switching
transitions, manage voltage levels, and ensure synchronization between stages.

3. Cost and Component Count: The use of multiple converter stages and
components increases the overall complexity and cost of the system. Each stage
requires power electronic switches, capacitors, diodes, and control circuitry,
which adds to the cost.

4. Electromagnetic Interference (EMI): While multilevel converters reduce
harmonic distortion, they can still generate EMI. Proper shielding, filtering, and

layout design are essential to minimize these effects.
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Applications of Common DC Bus Multilevel Converters

- High Voltage Direct Current (HVDC) Transmission: Common DC bus
architectures are ideal for HVDC applications due to the need to handle high
voltages efficiently.

« Renewable Energy Systems: In solar or wind energy systems, multilevel
converters with a common DC bus allow for efficient integration into the grid,
especially in large-scale installations.

o Electric Vehicle Drives: Multilevel converters are used in electric vehicles to
drive motors efficiently, especially in high-power applications.

« Industrial Drives: Large industrial motors benefit from the reduced harmonic
content and improved power quality provided by multilevel converters with a

common DC bus.
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