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1.4. Symmetric topology without a common DC link

A symmetric topology without a common DC link often arises in the context of

power electronics and electrical systems, especially in multi-level inverters, AC-DC-AC

converters, and renewable energy systems. In such systems, the absence of a common

DC link means that the architecture doesn't rely on a shared DC bus for energy transfer

or interconnection, which can lead to specific design benefits and challenges.

Symmetric Topology Overview

« Symmetry refers to a balanced configuration of components (e.g., voltage

sources, loads, or phases) in the topology.

o Without a Common DC Link means each stage or part of the system operates

independently, without a shared central DC storage or bus.

Key Examples

1. Matrix Converters:

@)

Direct AC-to-AC converters without an intermediate DC link.

Use bidirectional switches to directly convert input AC to output AC with
controlled amplitude, frequency, and phase.

Advantages: Compact design, no bulky DC link capacitor, and bidirectional
power flow.

Challenges: Complex control algorithms, higher switch count, and

potential commutation issues.

2. Cascaded H-Bridge (CHB) Multilevel Inverters:

o

Each H-bridge module is powered by an independent DC source (e.g.,
batteries or PV panels).

No common DC link; instead, multiple isolated sources contribute to the
overall output waveform.

Advantages: Modularity, scalability, and improved harmonic performance.
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o Challenges: Requires multiple isolated sources and complex control for
balancing.
3. Decentralized Renewable Energy Systems:
o Insystems like wind farms or solar PV arrays, each generator or panel
may have its own power electronics interface without a shared DC bus.
o Power is managed independently before being fed into the grid or local
loads.
4. Dual-Active Bridge (DAB) Converters:
o Used for DC-to-DC conversion, sometimes extended to AC systems.
o Can operate in a symmetric configuration without requiring a common DC

link by employing dual isolated bridges.

Advantages of Avoiding a Common DC Link

1. Reduced Component Size:
o Eliminates the need for large DC-link capacitors, reducing system bulk.
2. Improved Reliability:
o Independent operation of subsystems reduces the risk of a single point of
failure.
3. Flexibility:
o Allows the use of independent energy sources or loads, such as in
modular energy storage or distributed generation systems.
4. Reduced Electromagnetic Interference (EMI):
o Avoids high-frequency ripple currents often associated with a common DC

bus.
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Challenges

1. Control Complexity:
o Coordinating multiple independent converters or modules without a
shared reference requires advanced algorithms.
2. Energy Balancing:
o Maintaining balance between sources or loads can be challenging without
a common DC link acting as a buffer.
3. Higher Switch Count:
o Many topologies without a DC link involve additional switches, increasing
costs and potential failure points.
4. Commutation Challenges:
o Direct energy conversion, as in matrix converters, requires careful

management of switch transitions to prevent faults.

Applications

« Renewable Energy Integration: Modular PV inverters, wind turbines with direct
grid connection.

« Transportation: Electric vehicles and railway traction systems where modular
architectures enhance efficiency.

« Industrial Drives: Systems requiring compact designs and direct energy

conversion.
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