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3.4 Voltage balancing control in Diode-Clamped Multilevel Converters

Voltage balancing control in Diode-Clamped Multilevel Converters
(DCMC) is a critical challenge due to the presence of multiple DC-link
capacitors. Proper voltage balancing is essential to ensure reliable operation,
prevent voltage stress on switches, and avoid power quality issues. Without
adequate control, the imbalance in capacitor voltages can cause uneven
distribution of voltage across the semiconductor devices, potentially leading
to device failure and reduced converter efficiency. Here’s an overview of the
methods used for voltage balancing control in Diode-Clamped Multilevel

Converters:

1. Balancing Using Redundant Switching States

One of the fundamental voltage balancing methods in diode-clamped
converters is through the use of redundant switching states. In a multilevel
converter, several different combinations of switch positions (redundant
states) can generate the same output voltage level. By intelligently selecting
which redundant state to use, the converter can control and balance the

voltage across the capacitors.

« Redundant State Selection:
o When the output voltage level is achieved using a certain switch
combination, the modulation controller can choose among
redundant combinations to either charge or discharge specific

capacitors.
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o For example, in a 3-level inverter, an output voltage of zero can
be achieved by switching either the upper or lower clamping
diodes. By alternating the use of these redundant states, the

system can help balance the voltages across the capacitors.

This method is particularly useful in Space Vector PWM (SVPWM)
because space vector modulation inherently provides opportunities to select
different switching states that correspond to the same voltage vector. The
proper selection of states can distribute the charge across the capacitors and

maintain balance.

2. Capacitor Voltage Balancing Control with PWM

Carrier-based PWM methods (such as Level-Shifted PWM) can be
modified to incorporate voltage balancing control. This method involves
monitoring the capacitor voltage levels and adjusting the PWM strategy to

balance the charge on the capacitors.

« Level-Shifted PWM (LS-PWM) with Balancing Control:

o The system monitors the capacitor voltages in real-time.

Based on the voltage deviation from the desired reference level,
the modulator selects the appropriate switching state to either charge
or discharge the capacitor, thereby regulating the voltage. This
technique allows balancing without significantly altering the overall

control strategy of the converter.
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3. Voltage Balancing Using Active Switching Control

Another approach is to use an active control loop that adjusts the
switching patterns to balance the voltages across the capacitors. This
method typically relies on a feedback control loop that continuously
monitors the capacitor voltages and compares them to the reference values.
If an imbalance is detected, the control loop generates compensating signals

that adjust the switching signals to restore balance.

« Proportional-Integral (Pl) Control:

o A common method is to use a Pl control loop that monitors the
deviation in capacitor voltages and generates a corrective action
to bring the voltages back to their desired values.

« Model Predictive Control (MPC):

o MPC is a more advanced technique that predicts the future
behavior of the converter based on the current state and
optimizes the switching sequence to balance the capacitor
voltages. MPC is computationally intensive but offers excellent

dynamic performance in voltage balancing.

4. Neutral-Point Voltage Control

For Neutral-Point Clamped (NPC) multilevel converters (which are a
type of diode-clamped converter), the neutral-point voltage (mid-point of
the DC link) must be balanced. Imbalance in the neutral-point voltage causes
uneven capacitor voltage distribution, leading to instability and higher

switching stress.
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Neutral-point voltage control strategies include:

« Offset Injection:

o A small offset voltage is injected into the modulation signals to
control the neutral-point voltage. This helps redistribute the
charge between the upper and lower capacitors, keeping the
neutral-point balanced.

o Duty-Cycle Adjustment:

o Another method is to adjust the duty cycle of the switches to

favor the charging or discharging of specific capacitors,

effectively balancing the neutral-point voltage.
5. Hysteresis-Based Voltage Control

In hysteresis-based control, a tolerance band is defined around the
desired capacitor voltage level. The switching logic is designed to allow the
voltage to deviate within this tolerance band. Once the capacitor voltage
exceeds the upper or lower limits of the band, the control system forces the
converter to switch in such a way that the capacitor is either charged or

discharged to bring the voltage back within the acceptable range.

This method can be simple to implement and is effective for

maintaining capacitor voltages within a predefined range.
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6. Capacitor Pre-Charging Control

During startup, the capacitors may need to be pre-charged to ensure a
balanced voltage distribution across the converter. Pre-charging circuits or
startup control algorithms can be implemented to gradually charge the
capacitors to their reference values before the converter begins normal
operation. This helps avoid large inrush currents and initial voltage

imbalances.

7. Hybrid Voltage Balancing Methods

In practical applications, a combination of different voltage balancing
techniques may be used to achieve better performance. For instance,
redundant state selection can be combined with an active control loop or
neutral-point voltage control to handle various operating conditions

effectively.

Challenges in Voltage Balancing Control:

1. Higher Number of Levels: As the number of levels in a diode-clamped
converter increases, the complexity of voltage balancing increases.
More capacitors need to be controlled, and there are more switching
states, making real-time balancing more challenging.

2. Dynamic Loads: Voltage balancing becomes more difficult under
rapidly changing load conditions, where the power flow through the
converter may change direction frequently, causing capacitor voltages

to fluctuate more drastically.
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3. Switching Losses and Efficiency: Modulation schemes designed to
balance capacitor voltages may result in increased switching
frequency, leading to higher losses. Optimizing the trade-off between
switching losses and voltage balancing is essential for maintaining

overall converter efficiency.

Conclusion

Voltage balancing control in diode-clamped multilevel converters is
essential to ensure stable operation and long-term reliability. Techniques
such as redundant state selection, active switching control, neutral-point
voltage control, and PWM-based balancing are commonly used to maintain
balanced voltages across capacitors. The choice of control strategy depends
on the converter topology, number of levels, application, and performance
requirements. Advanced techniques like model predictive control and
hybrid methods can provide better dynamic performance and improve

voltage balancing .
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