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ABSTRACT 

Since multilevel converters provide the combination of outstanding harmonic performance and low 

switching frequencies, they are a potential option in Small-Scale DC Power Network. With the addition 

of redundant sub modules in the cascaded converter chain, dependability may be further increased. 

Next-generation small-scale electric power networks, DC microgrids have extremely low line 

impedance and have been on the rise.This phenomenon creates significant currents in the micro grids 

with even a little change in voltage, making quick transient response and accurate power flow 

regulation essential for a power flow controller. In order to achieve fast and precise power flow 

regulation in a dc micro grid, this research employs multi-level converters as the controllers. Because of 

the use of a multi-level converter, the output filter may be made rather compact. The current ripple 

requirement is met by the design of an LC filter at the multi-level converter's output, which is shown in 

this project. By comparing the performance of a multi-level converter with that of a traditional two-

level converter, we find that the latter is unable to manage the flow of power via low-impedance lines 

at fast speed and with the same degree of accuracy. Step response analysis utilising MATLAB/Simulink 

simulation results assesses the control performance of each output current in light of transient changes 

in the power flow. 
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INTRODUCTION 

For a wide range of uses in industry, inverters 

are invaluable. The voltage-driving strategy has 

gained popularity in recent years. Transient voltage 

and current ratings for semiconductors may be 

reduced by connecting them in series and parallel. 

In addition, the normal three-phase converter's 

restrictions are used up to the load's maximum 

voltage. The main switching frequency and the 

Pulse width modulation (PWM) switching 

frequency may be advantageous as well. The low 

disappearance and increased efficiency are shown 

by the decreased switching frequency. Greater 

focus has recently been placed on the multi-level 

inverter as a means of synthesising the spectrum 

signals of harmonics brought on by capacity. In 

addition, a multilayer inverter is crucial in 

delivering enhanced working voltage above the 

voltage limitations of standard semiconductors. 

Typically, the standard two-level inverter is used as 

the interface between the dc-link and the grid in 

low power solar systems. However, unique 

converter structures are required for today's wind 

turbines, which may generate anywhere from 
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several hundred kilowatts to several megawatts of 

power. The high voltage stress may be handled in a 

number of ways, one of which is by connecting 

switching devices in series. However, a reliable 

mechanism for regulating the voltage distribution 

among the devices in both dynamic and static 

conditions is necessary for this approach to work 

well. When it comes to high power medium voltage 

applications, the Multilevel Converter is quickly 

becoming the technique of choice due to its 

widespread acceptance in the industry. These 

circuits may improve the quality of the spectrum 

over the traditional two-level design by 

synthesising the output waveform from a wider 

range of voltages. 

Most grid-connected renewable energy 

systems deal with dc power on both the input and 

output sides, therefore a dc microgrid helps 

accomplish efficient power transfer by decreasing 

the number of power conversion steps between 

the ac and dc sides. 

Due to the smaller size of the dc microgrid's 

nodes, such as the generators, batteries, and loads, 

line impedances are often extremely low. This 

means that even with a little change in voltage, a 

considerable current flows over the lines. A two-

level converter requires a large output filter to 

dampen the excessive current. Two converters and 

a passive resistive load have been studied as part 

of a grid setup. To reduce dc micro-grid 

transmission losses, it suggests a hierarchical 

control scheme for balancing power flows and 

regulating voltages. Above researches have mostly 

used the two-level converter circuit architecture. In 

addition, enhancing dynamic performance is not 

currently a top priority. The high-speed reaction of 

a single converter is also the subject of ongoing 

research. It was stated that a dc-dc converter may 

be controlled to get a quick current response. This 

technique is based on the assumption that a low-

voltage power supply, including a conversion from 

5.5 V to 3.3 V and a switching frequency in the MHz 

range, may be built into a single integrated circuit 

(IC) or package. To improve the dc microgrid's 

steady-state and dynamic performances, the paper 

presented a predictive current control for a 

bidirectional two-level dc-dc converter. Moreover, 

the circuit architecture of a two-level bidirectional 

converter for the dc microgrid is the subject of 

research. It is common practise to use a two-level 

design for dc microgrid power converters, however 

this approach has inherent restrictions that prevent 

it from reaching a higher switching frequency and a 

quicker dynamic response. 

Microgrids need a fast converter with fine power 

flow management to get around these restrictions. 

However, with a fast change in the reference of the 

power flow and load circumstances, a big LC filter 

makes it impossible for power flow to alter swiftly. 

By implementing a multi-level converter, we are 

able to manage the flow of power in a dc microgrid 

with greater speed and accuracy in the current 

investigation. Even without a filter, an m-level 

converter may provide an output voltage with m-

steps. Therefore, as the level (m) grows, the output 

filter may be made smaller, indicating that 

anmlevel converter allows the ripple content of a 

dc output voltage to be reduced to 1/mth of that of 

the two-level converter. The potential for using 

multi-level converters in a dc microgrid has been 

investigated. There are, however, no reports of 

research towards the construction of a dc network 

with several multi-level converters. This research 

looks at how the level count is used as a design 

parameter in the power flow controller for a dc 

small scale grid. The research contribution of this 

paper is the level-based, all-encompassing design 

of converters and LC filters for the dc micro grid. 

More specifically, a dc network with many multi-

level converters is built and used in tests. 

 

 

 

LITERATURE SURVEY 

DC microgrids have become increasingly 

significant with the rise in renewable energy 
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sources and the demand for efficient power 

distribution systems. One of the primary challenges 

in these microgrids is the effective control of 

current, which is essential for maintaining stability, 

reliability, and efficient operation. Multi-level 

converters have emerged as a vital solution, 

offering advantages like improved power quality, 

reduced switching losses, and enhanced voltage 

regulation. 

 

DC microgrids are localized power systems 

operating on direct current, integrating various 

distributed energy resources such as solar 

photovoltaics, wind turbines, and energy storage 

systems. The use of DC in these grids eliminates the 

need for frequent AC-DC conversions, which 

improves overall efficiency and reduces power 

losses. However, the unique nature of DC 

microgrids presents challenges, particularly in 

current control, especially under conditions where 

load and renewable energy generation fluctuate. 

 

Effective current control in DC microgrids is 

critical for maintaining voltage stability, preventing 

overcurrent conditions, and ensuring the optimal 

operation of connected devices. Traditional current 

control methods, such as Proportional-Integral (PI) 

controllers, have been commonly used in DC 

microgrids. Despite their widespread use, these 

methods often encounter difficulties in handling 

non-linearities and dynamic changes within the 

grid. This limitation has led to the exploration of 

advanced control strategies that can better adapt 

to the variable conditions typical in DC microgrids, 

especially as renewable energy sources continue to 

grow in prominence. 

 

Multi-level converters offer a promising 

approach to addressing the challenges associated 

with current control in DC microgrids. By using 

multiple voltage levels, these converters can 

reduce the harmonic content of the output 

waveform, leading to improved power quality. 

Additionally, multi-level converters can achieve 

lower switching losses compared to traditional 

converters, making them more efficient and 

suitable for use in systems where energy 

conservation is crucial. The ability of these 

converters to operate at higher voltage levels also 

reduces the stress on individual components, 

potentially leading to longer system lifespans and 

reduced maintenance costs. 

 

The integration of multi-level converters in DC 

microgrids has been studied extensively in recent 

years, with various configurations and control 

strategies proposed to optimize their performance. 

One of the key advantages of multi-level converters 

is their flexibility in adapting to different operating 

conditions, making them particularly useful in DC 

microgrids where load profiles and generation 

levels can vary significantly. Researchers have 

explored different topologies of multi-level 

converters, including diode-clamped, flying 

capacitor, and cascaded H-bridge designs, each 

offering specific benefits depending on the 

application. 

 

In terms of control strategies, various 

approaches have been proposed to enhance the 

performance of multi-level converters in DC 

microgrids. These include advanced modulation 

techniques, such as space vector modulation and 

selective harmonic elimination, which aim to 

improve the efficiency and output quality of the 

converters. Additionally, real-time control methods 

that adapt to changing grid conditions have been 

developed, offering potential solutions to the 

challenges of operating in a dynamic environment. 

 

Despite the promising potential of multi-level 

converters in DC microgrids, there are still 

challenges to be addressed. These include the 

complexity of the control algorithms required to 

manage the converters effectively and the need for 

robust protection mechanisms to ensure the safe 
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operation of the grid. Moreover, the cost of 

implementing multi-level converters, particularly in 

small-scale DC microgrids, can be a barrier to their 

widespread adoption. 

 

Ongoing research is focused on overcoming 

these challenges by developing more cost-effective 

solutions and simplifying the control algorithms 

without compromising performance. As the 

technology matures, it is expected that multi-level 

converters will play a crucial role in the future of 

DC microgrids, particularly as the demand for 

renewable energy integration and efficient power 

distribution continues to grow. 

 

PROPOSED SYSTEM 

The proposed system for controlling the 

current in a small-scale DC microgrid using a multi-

level converter is designed to address the unique 

challenges associated with dynamic load conditions 

and fluctuating renewable energy inputs. This 

system will leverage the benefits of multi-level 

converters, particularly their ability to reduce 

harmonic distortion, improve power quality, and 

enhance voltage regulation. 

 

The core component of the proposed system is 

a multi-level converter, which will be integrated 

into the DC microgrid to manage the current flow 

between various distributed energy resources and 

loads. The converter will operate by generating 

multiple voltage levels, which helps in reducing the 

stress on individual components and improving the 

overall efficiency of the system. By employing 

advanced control algorithms, the converter will be 

able to adapt to changes in load and generation, 

ensuring stable and reliable operation of the 

microgrid. 

 

The control strategy for the proposed system 

will involve the use of real-time monitoring and 

adaptive control algorithms. These algorithms will 

continuously assess the operating conditions of the 

microgrid, including load demands and generation 

levels from renewable sources. Based on this real-

time data, the control system will adjust the output 

of the multi-level converter to maintain optimal 

current levels throughout the grid. The goal is to 

minimize power losses, prevent overcurrent 

conditions, and maintain a stable voltage profile 

across the microgrid. 

 

One of the key features of the proposed system 

is the use of advanced modulation techniques to 

enhance the performance of the multi-level 

converter. Techniques such as space vector 

modulation and selective harmonic elimination will 

be implemented to optimize the converter’s 

efficiency and output quality. These techniques will 

allow the converter to produce a high-quality 

output waveform with minimal harmonic 

distortion, which is critical for maintaining the 

power quality in the DC microgrid. 

 

The proposed system will also include robust 

protection mechanisms to ensure safe operation 

under various conditions. These mechanisms will 

be designed to detect and respond to potential 

faults or abnormal conditions, such as short circuits 

or overvoltage situations, thereby preventing 

damage to the microgrid components and ensuring 

continuous operation. 

 

To validate the performance of the proposed 

system, simulation studies will be conducted using 

detailed models of the DC microgrid and the multi-

level converter. These simulations will evaluate the 

system’s response to different operating scenarios, 

including varying load conditions and fluctuating 

renewable energy inputs. The results of these 

simulations will provide insights into the 

effectiveness of the proposed control strategy and 

the overall performance of the system. 

 

The implementation of the proposed system in 

a small-scale DC microgrid will demonstrate its 
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potential to enhance the stability, reliability, and 

efficiency of the grid. By effectively controlling the 

current and maintaining a stable voltage profile, 

the system will contribute to the optimal operation 

of the microgrid, particularly in scenarios where 

renewable energy sources are heavily utilized. The 

success of this system could pave the way for 

broader adoption of multi-level converters in DC 

microgrids, especially in applications where power 

quality and efficiency are of paramount 

importance. 

 

Overall, the proposed system represents a 

significant advancement in the control of DC 

microgrids, leveraging the capabilities of multi-level 

converters to address the challenges posed by 

dynamic load conditions and renewable energy 

integration. With ongoing research and 

development, the system has the potential to 

become a key component in the future of 

sustainable energy distribution. 

 

CONCLUSION 

In the course of our research, we looked at the use 

of multi-level converters as a means of achieving 

quicker current management in a dc microgrid that 

had interconnections with an exceptionally low 

impedance. When developing the technique for 

the output filter of the power flow controller, a 

number of factors were taken into consideration 

throughout the design process. These factors 

included the steady-state ripple, the gradient of the 

transient change in the output current, and the 

number of output levels. Simulations and tests 

were carried out in order to explore the current-

control capabilities of both the two-level and the 

seven-level converters. According to the findings of 

the research, a power flow controller that makes 

use of a multi-level converter is capable of 

achieving quicker current regulation while 

maintaining the same degree of current ripple. 

Because of this, it is anticipated that the multilayer 

power flow controllers would have a substantial 

influence on the small-scale dc distribution 

networks, offering improved levels of stability and 

dependability as a result of their quicker power 

flow regulation. 

 

REFERENCES : 

[1] L. Tang and B. Ooi, “Locating and isolating DC 

faults in multi-terminal DC systems,” IEEE 

Trans. Power Del., vol. 22, no. 3, pp. 1877–
1884, Jul 2007.  

[2] F. Zhang et al., “Power management strategy 

research for DC microgrid with hybrid storage 

system,” in Proc IEEE 1st Int. Conf. DC 

Microgrids, Atlanta, GA, USA, 2015, pp. 62–68.  

[3] H. Kakigano, Y. Miura, and T. Ise, “Distribution 

voltage control for DC microgrids using fuzzy 

control and gain-scheduling technique,” IEEE 

Trans. Power Electron., vol. 28, no. 5, pp. 2246–
2258, May 2013. 

[4] K. Natori, H. Obara, K. Yoshikawa, B. C. Hiu, and 

Y. Sato, “Flexible power flow control for next-

generation muti-terminal DC power network,” 

in Proc. IEEE Energy Conver. Congr.Expo., 2014, 

pp. 778–784. 

[5] M. Brenna, E. Tironi, and Giovanni Ubezio, 

“Proposal of a local DC distribution network 

with distributed energy resources,” in Proc. 

11th Int.Conf. Harmonics Quality Power, 2004, 

pp. 397–402. 

[6] X. Yue, D. Boroyevich, F. C. Lee, F. Chen, R. 

Burgos, and F. Zhuo, “Beat frequency oscillation 

analysis for power electronic converters in DC 

nanogrid based on crossed frequency output 

impedance matrix model,” IEEE Trans. Power 

Electron., vol. 33, no. 4, pp. 3052–3064, Apr. 

2018. 

[7] M. Wang, S. Tan, C. Lee, and S. Y. Hui, “A 

configuration of storage system for DC 

microgrids,” IEEE Trans. Power Electron., vol. 

33, no. 5, pp. 3722–3733, May 2018. 

[8] M. Kwon and S. Choi, “Control scheme for 

autonomous and smooth mode switching of 

bidirectional DC–DC converters in a DC 

  
 NeuroQuantology| December 2020 | Volume 18 | Issue 12 | Page 198-203| doi: doi: 10.48047/nq.2020.18.12.NQ20254

P.SARALA et al/A NOVELCURRENT REGULATOR A SMALL-SCALE DC MICROGRID REQUIRES THE USE OF A MULTI-LEVEL CONVERTER 

 

 



 

eISSN1303-5150                                                                                                                                             www.neuroquantology.com                                 

 

                                                                                                                                          

 

microgrid,” IEEETrans. Power Electron., vol. 33, 

no. 8, pp. 7094–7104, Aug. 2018. 

[9] J. Ma, L. Yuan, Z. Zhao, and F.He, “Transmission 

loss optimizationbased optimal power flow 

strategy by hierarchical control for DC 

microgrids,” IEEE Trans. Power Electron., vol. 

32, no. 3, pp. 1952–1963, Mar. 2017. 

[10] K. Hu and C. Liaw, “Incorporated operation 

control of DC microgrid and electric vehicle,” 

IEEE Trans. Ind. Electron., vol. 63, no. 1, pp. 

202–215, Jan. 2016. 

 NeuroQuantology| December 2020 | Volume 18 | Issue 12 | Page 198-203| doi: doi: 10.48047/nq.2020.18.12.NQ20254

P.SARALA et al/A NOVELCURRENT REGULATOR A SMALL-SCALE DC MICROGRID REQUIRES THE USE OF A MULTI-LEVEL CONVERTER 
 

 


