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3.3 Modulation of Diode-Clamped Multilevel Converters

Modulation of Diode-Clamped Multilevel Converters (DCMC) is an
important aspect of their operation, focusing on how to efficiently control
the power switches to generate the desired output voltage waveform with
minimal harmonics, losses, and voltage stress. DCMC is a type of Multilevel
Converter (MLC) that uses diodes to clamp the voltage levels to provide a
staircase-like output waveform. These converters are commonly used in
medium and high-power applications, such as renewable energy systems,

motor drives, and power transmission.

Here’s an overview of the modulation techniques used for Diode-

Clamped Multilevel Converters:

1. Carrier-Based Pulse Width Modulation (PWM)

Carrier-based PWM methods are widely used in multilevel converters
due to their simplicity and effectiveness. In this approach, multiple carrier
signals (usually triangular waves) are compared with a reference
(modulating) signal to generate switching pulses for the power devices.

There are two common types:

o Level-Shifted PWM (LS-PWM): The carriers are shifted vertically, with
each carrier corresponding to a different voltage level. This approach
reduces harmonic distortion and balances the power distribution

across the converter levels.
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Figure 3.3.1 PWM scheme for a five-level DCMC with comparators

[Source: “Power Electronics” by P.S.Bimbra, Khanna Publishers Page: 434]

Types of LS-PWM:

o Phase Disposition (PD-PWM): All carriers are in phase.

o Phase Opposition Disposition (POD-PWM): Half of the carriers
are inverted, leading to a different switching sequence.

o Alternate Phase Opposition Disposition (APOD-PWM): Each
carrier signal is phase-shifted by 180 degrees from the adjacent
one.

o Phase-Shifted PWM (PS-PWM): Here, the triangular carriers are
phase-shifted horizontally, which improves harmonic performance and

results in better utilization of switching devices.
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2. Space Vector Pulse Width Modulation (SVPWM)

SVPWM is a more sophisticated modulation technique that operates
by selecting switching vectors to form the reference voltage vector in the
complex space. The main advantages of SVPWM for DCMC include better
utilization of the DC-link voltage, lower total harmonic distortion (THD), and
control of neutral point voltage (important for balancing capacitor voltages

in multilevel systems).

e« SVM in DCMC: In a diode-clamped converter, SVPWM can be used to
generate multilevel waveforms by determining the appropriate
switching states for each level. It is complex compared to carrier-
based methods but can achieve optimal switching patterns and lower

switching losses.

3. Selective Harmonic Elimination (SHE)

SHE aims to minimize or eliminate specific harmonics from the output
voltage by solving nonlinear equations that relate the switching angles to the
harmonic components. In multilevel converters, it is easier to achieve lower
harmonic distortion because of the increased number of levels. However,
solving the switching angles for multiple levels can be computationally

intensive.
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4. Optimal PWM

Optimal PWM techniques are based on minimizing an objective
function (such as harmonic distortion or losses) to determine the optimal
switching pattern. These methods may involve the use of optimization

algorithms, such as:

o Genetic Algorithms (GA)
o Particle Swarm Optimization (PSO)

o Neural Networks (NN)

Optimal PWM is generally used when the performance of the
converter needs to be highly optimized for a specific application, though it

may require high computational power.

5. Hybrid Modulation

In many cases, hybrid modulation techniques are employed to take
advantage of the benefits of different modulation strategies. For instance, a
combination of SVPWM and carrier-based PWM might be used to improve

harmonic performance while ensuring simple implementation.

Challenges in DCMC Modulation:

« Capacitor Voltage Balancing: In multilevel converters, especially in
diode-clamped topologies, ensuring that the DC-link capacitors

maintain balanced voltages is crucial. Improper balancing can lead to
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device failure. Advanced modulation schemes, such as SVPWM with

balancing control, are used to address this.

« Harmonic Reduction: Higher levels in DCMC result in a more
sinusoidal output, but controlling harmonics at lower switching
frequencies can be difficult. Modulation techniques must aim to
reduce harmonics efficiently without increasing switching losses.

« Switching Losses: Minimizing switching losses is critical for the
efficiency of high-power applications. Modulation techniques like
SVPWM and SHE are preferred because they can reduce the number

of switching events or optimize the switching sequence.

Conclusion

The modulation of diode-clamped multilevel converters is an essential
aspect of their performance. Various modulation techniques like carrier-
based PWM, SVPWM, SHE, and optimal PWM help achieve high-quality
output waveforms, efficient switching, and balanced voltages. The choice of
modulation depends on the specific application requirements, such as

harmonic distortion, efficiency, and control complexity
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Figu re 3.3.1 pwm scheme for a five-level DCMC with comparators

[Source: “Power Electronics” by P.S.Bimbra, Khanna Publishers Page: 491]
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