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4.4  Dynamic Voltage Balancing in Flying Capacitor Multilevel Converter  

 One of the key challenges in operating a Flying Capacitor Multilevel 

Converter (FCMC) is maintaining dynamic voltage balance across the flying 

capacitors during operation. The capacitors in an FCMC serve as 

intermediate energy storage elements that help generate multiple voltage 

levels. However, during normal operation, the voltages across these 

capacitors can deviate from their nominal values due to uneven 

charging/discharging cycles, switching patterns, or load variations. If not 

properly controlled, this imbalance can lead to poor converter performance, 

voltage spikes, or even damage to the converter components. Effective 

voltage balancing strategies are crucial for the reliable operation of FCMCs, 

especially in high-power applications.  

Key Challenges in Voltage Balancing 

1. Uneven Charge/Discharge Cycles: The flying capacitors in an FCMC 

are charged and discharged depending on the switching state and the 

load. If these charge/discharge cycles are not evenly distributed across 

the capacitors, some capacitors may become overcharged or 

undercharged, leading to voltage imbalances. 

2. Switching Redundancy: Multilevel converters, such as the FCMC, have 

redundant switching states, meaning the same output voltage can be 

achieved using different combinations of switches and capacitors. If 

the wrong switching state is chosen repeatedly, it can exacerbate 

capacitor imbalances. 
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3. Varying Operating Conditions: Changes in load, input voltage 

variations, or dynamic conditions in the power grid can affect the 

capacitor voltage balance, making it difficult to maintain steady 

capacitor voltages under varying conditions. 

Voltage Balancing Mechanisms in FCMC 

The flying capacitor voltages in an FCMC must be controlled dynamically to 

ensure smooth operation. The following are common methods used to 

achieve dynamic voltage balancing: 

1. Natural Balancing (Intrinsic Balancing) 

 Some flying capacitor multilevel converters inherently exhibit natural 

voltage balancing due to their topological design. In such converters, the 

flying capacitors tend to self-balance over time because the charge and 

discharge processes are distributed among all capacitors. 

How It Works: 

 Each switching state involves multiple capacitors, and the capacitor 

that is more charged will tend to discharge more, while the less charged 

capacitors will receive more charge. 

o This leads to a natural balancing effect, where the capacitor 

voltages equalize over time, provided the switching states are 

appropriately selected. 
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 Limitations: 

o Natural balancing is typically slow and may not be sufficient in 

fast-changing or high-power dynamic systems. 

o It often requires a specific switching sequence that may not be 

ideal for other performance metrics such as harmonic reduction 

or efficiency. 

2. Redundant Switching States for Voltage Balancing 

 One of the key characteristics of an FCMC is the existence of 

redundant switching states. These states provide the same output voltage 

but with different configurations of the flying capacitors. By carefully 

choosing the redundant states, the converter can selectively charge or 

discharge capacitors to maintain voltage balance. 

 How It Works: 

o The controller monitors the voltage levels across all flying 

capacitors. 

o When a voltage imbalance is detected, the controller selects a 

redundant switching state that will help restore balance by 

either charging the lower-voltage capacitors or discharging the 

overcharged ones. 

o For example, if one capacitor is overcharged, the control logic 

will use a switching state that excludes that capacitor or uses it 

in a way that allows it to discharge. 
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 Advantages: 

o This method actively controls the capacitor voltages, allowing 

for faster and more precise voltage balancing. 

o It can be implemented using existing control strategies such as 

Phase-Shifted PWM (PS-PWM) or Level-Shifted PWM (LS-PWM). 

 Challenges: 

o It adds complexity to the modulation strategy as the controller 

needs to monitor capacitor voltages and dynamically choose 

switching states. 

o The redundant state selection might conflict with other goals 

like minimizing switching losses or harmonic distortion. 

3. Capacitor Voltage Balancing Algorithms 

 Dedicated control algorithms are often used to manage the flying 

capacitor voltages dynamically. These algorithms can be incorporated into 

the overall control strategy of the converter and are designed to ensure 

balanced capacitor voltages even under varying load conditions. 

 Proportional-Integral (PI) Control: 

o PI controllers can be used to monitor the voltage difference 

between the desired and actual flying capacitor voltages. Based 

on the error, the controller adjusts the switching signals to 

restore balance by charging or discharging the capacitors. 

 Predictive Control Algorithms: 

o Model Predictive Control (MPC) predicts the future behavior of 

the capacitor voltages and the overall system based on current 
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switching sequence that minimizes voltage imbalance while 

maintaining other performance metrics such as power quality 

and efficiency. 

o MPC is particularly effective for dynamic systems with changing 

operating conditions since it can adjust the control actions in 

real time. 

 Hysteresis Control: 

o In this method, each capacitor voltage is allowed to deviate 

within a predefined hysteresis band. If a capacitor voltage goes 

beyond this range, corrective switching actions are taken to 

bring it back within the desired limits. 

 Neural Network Control: 

o Artificial Neural Networks (ANN) can be trained to predict the 

best switching patterns for balancing the flying capacitor 

voltages. This is especially useful in complex systems where 

traditional control methods may struggle to achieve optimal 

performance. 

 Fuzzy Logic Control: 

o Fuzzy logic controllers can be employed to deal with the 

uncertainties and nonlinearities in the system. Fuzzy control 

systems use linguistic variables (e.g., "low," "medium," "high" 

voltage) to determine appropriate control actions to balance 

the flying capacitors dynamically. 
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4. Capacitor Voltage Sensing and Feedback 

 For more precise voltage balancing, voltage sensing is employed, 

where each flying capacitor’s voltage is monitored in real time. The feedback 

from the voltage sensors is used by the control system to adjust the 

switching pattern and ensure balance across all capacitors. 

 How It Works: 

o Each capacitor’s voltage is measured, and the data is sent to the 

controller. 

o Based on the voltage readings, the controller adjusts the 

switching states or modifies the modulation pattern (such as 

adjusting the duty cycle in PWM) to ensure that the capacitors 

are evenly charged/discharged. 

 Advantages: 

o It provides real-time and precise control of the flying capacitor 

voltages. 

o It ensures reliable operation even in systems with high dynamic 

loads. 

 Challenges: 

o Requires additional hardware (sensors) and communication 

between the sensors and the control system. 

o Increases system complexity and cost. 
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Fig 4.4.1 Three-level FCMC with balancing network 

                   [Source: “Power Electronics” by P.S.Bimbra, Khanna Publishers Page: 454] 

5. Charge Redistribution 

 In some systems, charge redistribution between capacitors can be 

used to balance their voltages without relying solely on the switching 

patterns. This involves temporarily connecting capacitors in parallel to 

equalize their charge levels. 
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 How It Works: 

o The control system periodically connects capacitors in parallel 

to redistribute charge among them. 

o This can be done during specific phases of the switching cycle 

when the converter output is not affected. 

 Advantages: 

o This method can be particularly useful in applications with large 

capacitors where imbalances can take longer to correct using 

switching control alone. 

 Challenges: 

o Requires additional circuitry to implement the charge 

redistribution process. 

o It may introduce additional switching losses or affect the 

converter's overall efficiency. 

Conclusion 

 Dynamic voltage balancing in a Flying Capacitor Multilevel Converter 

(FCMC) is essential for maintaining stable operation and achieving high 

power quality. Several methods and control strategies can be used, including 

redundant state selection, predictive control algorithms, and capacitor 

voltage sensing. The choice of method depends on the specific application, 

system dynamics, and performance requirements. 

 

 


