
Single-Phase to Split-Phase Inverters with Advanced Grid 
Support Functions for Grid-Interactive Applications

VIKRAM ROY CHOWDHURY,  YEONGRACK SON,  GAB-SU SEO AN D BAR RY MATHER
NATION AL RENEWABLE ENERGY LABOR ATORY

GOLDEN,  CO US A

This presentation was produced when the laboratory operated 
as the National Renewable Energy Laboratory (NREL). The 

laboratory is now the National Laboratory of the Rockies (NLR).



Outline
Introduction

Derivation of Grid Side Controller

Derivation of PCC Side Controller

Internal – Model based AC Voltage Estimation

Results and Discussions

Conclusion and Future Work



Introduction 
This work presents a cost-effective single-phase to split-phase inverter with a reduced switch count, 

achieving grid interactive performance while maintaining operational efficiency.

The proposed system integrates an Andronov−Hopf oscillator based secondary controller, which 
inherently embeds a nonlinear resistive droop architecture, ensuring rapid dynamic response.

A Lyapunov energy function-based primary control enhances transient stability and regulation, while 
an internal model-based point of common coupling voltage estimation enables cost optimization 
without additional sensors.

Equipped with advanced grid support functionalities, the inverter facilitates seamless distribution 
system operation with enhanced robustness.

The effectiveness of the proposed architecture and control strategy is validated through 
MATLAB/Simulink and PLECS simulations, demonstrating its feasibility for high-performance grid-
supportive applications.



Derivation of Grid – side Controller

 A simplified representation of the proposed converter system is presented in this slide.

 The left – side is the grid and the right – side is referred to as the PCC or load. 



Derivation of Grid – side Controller
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 An equivalent circuit representation of the grid – side to the dc bus of the proposed converter is presented in this 
slide.

 The dynamic step by step equations for the controller implementation for grid – side current control as well as 
dc bus voltage control is presented in this slide.



Derivation of PCC – side Controller
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 An equivalent circuit representation of the PCC – side with an assumption of same parameters for both phases is 
presented in this slide.

 The dynamic step by step equations for the secondary controller i.e. Andronov – Hopf oscillator is presented in 
this slide.



Derivation of PCC – side Controller
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 An equivalent circuit representation of the PCC – side with an assumption of same parameters for both phases is 
presented in this slide.

 The extraction of the virtual quadrature axis components is elaborated in this slide using DSOGI architecture’s 
quadrature filter.

 The voltage and current quadrature components are extracted and utilized inside the secondary control 
architecture as presented in the previous slide.



Derivation of PCC – side Controller
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 An equivalent circuit representation of the PCC – side with an assumption of same parameters for both phases is 
presented in this slide.

 The dynamic step by step equations for the primary controller based on Lyapunov energy function is presented 
in this slide.



Internal – Model based AC Voltage Estimation
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 The basic architecture for the Internal – Model based AC Voltage Estimator is presented in this slide.

 The step-by-step derivation of the convergence of the proposed estimation architecture based on the passivity 
frame work is presented in this slide. 



Internal – Model based AC Voltage Estimation
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 The basic architecture for the Internal – Model based AC Voltage Estimator is presented in this slide.

 The step-by-step derivation of the convergence of the proposed estimation architecture based on the passivity 
frame work is presented in this slide. 



Internal – Model based AC Voltage Estimation
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 The basic architecture for the Internal – Model based AC Voltage Estimator is presented in this slide.

 The step-by-step derivation of the convergence of the proposed estimation architecture based on the passivity 
frame work is presented in this slide. 



Internal – Model based AC Voltage Estimation
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 The basic architecture for the Internal – Model based AC Voltage Estimator is presented in this slide.

 The step-by-step derivation of the convergence of the proposed estimation architecture based on the passivity 
frame work is presented in this slide. 



Results and Discussions

 The result showing the performance of the grid side for reactive power support with a step change is presented 
in the top left of this slide.

 The result showing the dc bus voltage dynamics during a step change in load on the PCC side is presented in the 
top right of this slide.



Results and Discussions

 The result showing the voltage and current with a load condition of one phase at linear load and the other phase 
at a combination of liner and nonlinear load is presented in the top left of this slide.

 The result showing the dc bus voltage for each capacitor during the same load condition is presented in the top 
right of this slide.



Results and Discussions

 The result showing the step change in linear load performance on the PCC side with 1 : 2 power sharing for L1N 
and L2N is presented in the top left of this slide.

 Similar result for a nonlinear diode rectifier load on the PCC side with 1 : 2 power sharing for L1N and L2N is 
presented in the top right of this slide.



Results and Discussions

 The result showing the performance of the Internal – Model based AC voltage estimation with only fundamental 
component loop enabled is presented in the top left of this slide

 The result showing the performance of the Internal – Model based AC voltage estimation with all the harmonic 
loops enabled is presented in the top right of this slide.



Results and Discussions

 The result showing the active/reactive powers during nonlinear PCC side load switching with 1 : 2 power 
sharing for L1N and L2N is presented in the top left of this slide.

 The result showing the performance of the Internal – Model based AC voltage estimation during a step change in 
commanded active power is presented in the top right of this slide.



Results and Discussions

 The result showing the implementation of advanced grid support function for active power to frequency on the 
single – phase grid side is presented in the top left side of this slide.

 The result showing the implementation of advanced grid support function for reactive power to voltage 
magnitude on the single – phase grid side is presented in the top right side of this slide.



Conclusion and Future Work
This work presents a single-phase to split-phase inverter topology engineered with a reduced switch 

count to achieve lower hardware complexity, improved reliability, and cost-effective implementation.

 The proposed control architecture features a Lyapunov energy function-based inner-loop controller 
deployed on both the grid-facing and load-facing inverter bridges, providing guaranteed global 
asymptotic stability and fast transient regulation across a wide range of operating conditions. 

Building on this, a secondary control mechanism based on the Andronov–Hopf oscillator (AHO) is 
introduced to realize a nonlinear resistive droop behavior. 

This oscillator-driven modulation enables adaptive, decentralized power sharing that seamlessly 
responds to changes in load profile and system topology, without requiring inter-inverter 
communication or centralized coordination. 

To further minimize sensor, count and associated signal conditioning circuitry, the system integrates an 
internal model-based estimator that reconstructs the point of common coupling (PCC) voltage 
waveform in real time. 



Conclusion and Future Work
This estimation approach removes the need for direct voltage sensing yet maintains accurate voltage 

tracking even in the presence of harmonic distortion and dynamic disturbances. 

Simulation studies carried out in a co-simulation environment of MATLAB/Simulink and PLECS 
validate the effectiveness of the overall system, confirming its ability to maintain voltage regulation, 
achieve precise power sharing, and support grid-interactive features under both linear and nonlinear 
loading scenarios. 

The proposed inverter system thus offers a high-performance, low-cost solution for distributed energy 
resources (DERs), rural microgrids, and residential grid-support applications.

The proposed system is being worked on to further reduce the sensor count, therefore, a methodology 
is being devised to also estimate the load side current after the ac capacitor on the PCC  using a similar 
architecture of Internal – Model based estimation.

The proposed system is being verified via real – time simulation as well as reduced scale laboratory 
prototyping for various important corner case studies and understand the feasibility of the proposed 
approach. 



Questions
?

Thank You
Disclaimer: This work was authored by NREL for the U.S. Department of Energy (DOE), operated under Contract No. DE-AC36-08GO28308. Funding provided by the 
Grid Modernization Initiative of DOE as part of its Grid Modernization Laboratory Consortium, a strategic partnership between DOE and the national laboratories to 
bring together leading experts, technologies, and resources to collaborate on the goal of modernizing the nation’s grid. The views expressed in the article do not 
necessarily represent the views of the DOE or the U.S. Government. The U.S. Government retains and the publisher, by accepting the article for publication, 
acknowledges that the U.S. Government retains a nonexclusive, paid-up, irrevocable, worldwide license to publish or reproduce the published form of this work, or 
allow others to do so, for U.S. Government purposes.

NLR/PR-5D00-95500 


	Outline





	Introduction 


	Derivation of Grid – Side Controller
	Derivation of PCC – Side Controller
	Internal – Model Based AC Voltage Estimation
	Results and Discussions
	Conclusion and Future Work




