ISSN : 2319-5991

Vol. 22 No. 2 (2026)

ijerst.editor@gmail.com -

editor@ijerst.com



Int. J. Engg. Res. & Sci. & Tech. 2026, ISSN 2319-5991

S5 Wandio ool e esech e T

Research Paper

ISSN 2319-5991 www.ijerst.com
© 2026 IJERST. All Rights Reserved

Peer Reviewed, Referred & Indexed Journal

ANOVEL CASCADED PASSIVITY-BASED CONTROLAPPROACH FOR LCL
GRID-CONNECTED CONVERTERS IN UNBALANCED NETWORKS

GUGULOTH RAMESH!, BANOTH SURESH?, BABURAO PADDAM?

PG SCHOLAR!, ASSOCIATE PROFESSOR?, ASSOCIATE PROFESSOR&HOD?

DEPARTMENT OF EEE, ABDUL KALAM INSTITUTE OF TECHNOLOGICAL SCIENCES, KOTHAGUDEM, TELANGANA,

ABSTRACT

Grid-connected converters are essential
components in renewable energy systems
such as photovoltaic (PV) systems, wind
energy conversion systems, and smart grid
applications. The increasing penetration of
renewable energy sources into modern
power introduces

systems challenges

related to power quality, harmonic
distortion, and grid instability, especially
under weak and unbalanced grid
conditions. LCL filters are commonly used
in grid-connected converters to reduce
current harmonics and improve power
quality. However, conventional control
strategies often face stability and resonance
unbalanced network
conditions. This paper proposes a novel
cascaded passivity-based control approach
LCL grid-connected
operating in unbalanced networks. The
proposed method enhances system stability,
suppresses harmonics, improves dynamic

and maintains robust

problems under

for converters

response,
performance under weak grid conditions.
The control strategy integrates passivity-
based current control with cascaded voltage
regulation to ensure stable power transfer
and effective damping of LCL resonance.
analytical  studies
demonstrate that the proposed approach

Simulation and

significantly improves converter
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performance compared to traditional

proportional-integral (PI) control methods.
1. INTRODUCTION

The rapid growth of renewable energy

integration into power systems has
increased the importance of efficient grid-
connected converters. Renewable energy
sources such as solar photovoltaic systems
and wind turbines require power electronic
converters to interface with the utility grid.
These converters stable

operation, low harmonic distortion, and

must ensure

reliable power transfer.

LCL filters are widely adopted in grid-
connected converters because they provide
superior harmonic attenuation compared to
simple L or LC filters. However, the
resonance characteristics of LCL filters
create control challenges, particularly under
weak and unbalanced grid conditions.

Conventional Pl-based control methods
may fail to maintain stability in the
presence of grid impedance variations and
voltage unbalance. Therefore, advanced
control strategies are necessary to improve
converter performance.

Passivity-based control (PBC) is
nonlinear control technique that ensures
system stability by utilizing the energy
The

a

properties of dynamic systems.
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proposed cascaded passivity-based control
approach combines inner current control
and outer voltage regulation to achieve
robust and stable converter operation.

2. OBJECTIVES OF THE STUDY
The objectives of this research are:

1. To develop a novel -cascaded
passivity-based control strategy for
LCL grid-connected converters.

2. To improve system stability under
weak and  unbalanced  grid

conditions.

3. To suppress harmonic distortion and
resonance effects.

4. To enhance dynamic response and

power quality.

5. To compare the proposed method
with conventional control
techniques.

3. LITERATURE REVIEW

Several control strategies have been
proposed for grid-connected converters.

3.1 PI Control Methods

Traditional PI controllers are widely used
due to their simplicity. However, they suffer
from poor performance under parameter
variations and unbalanced conditions.

3.2 Resonant Controllers

Resonant controllers improve harmonic
compensation but require precise tuning
and are sensitive to grid disturbances.

3.3 Model Predictive Control

Model predictive control offers fast
dynamic response but involves high
computational complexity.
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3.4 Passivity-Based Control

Passivity-based control improves system
stability by shaping system energy
functions. Researchers reported enhanced
robustness and damping performance using
PBC techniques.

The literature indicates that cascaded
passivity-based control can provide better
stability and harmonic suppression for LCL
converters in weak grids.

4. SYSTEM DESCRIPTION
The proposed system consists of:
e DC power source
e Voltage Source Converter (VSC)
e LCL filter
o Utility grid
e Cascaded passivity-based controller

The converter injects active power into the
grid while maintaining synchronization and
reducing harmonics.

5. MATHEMATICAL MODELING OF
LCL CONVERTER

The LCL filter consists of:
e Converter-side inductance (L1)
e (Grid-side inductance (L2)
o Filter capacitance (C)
The dynamic equations are represented as:

Converter-side current equation

diy
1 % =Viw =V
Capacitor voltage equation
dV

C_:ll_lz

dt
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Grid-side current equation
di,

—=V.-V
Zdt Cc

9
Where:
e V= inverter output voltage
e V.= capacitor voltage
o V= grid voltage
e i;=converter-side current

e i,= grid-side current

6. PROPOSED CASCADED
PASSIVITY-BASED CONTROL
STRATEGY

The proposed control strategy contains:
6.1 Outer Voltage Control Loop

The outer loop regulates the DC-link
voltage and generates reference current
signals.

6.2 Inner Current Control Loop

The inner loop controls grid current
injection and suppresses harmonics.

6.3 Passivity-Based Energy Shaping

The controller modifies the system energy
function to ensure asymptotic stability.

Desired energy function

1 2 1 2 1 2
H(X) = ELlll +§L212 +§CVC

The proposed control law introduces
damping terms to reduce oscillations and
resonance.

7. UNBALANCED GRID
CONDITIONS

Unbalanced grid conditions occur due to:

e Faults in transmission lines
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e Unequal loading

e Voltage sag and swell

e Weak grid impedance
These conditions result in:

e Current harmonics

e Power oscillations

e Voltage distortion

e Reduced converter stability

The proposed controller effectively
compensates for these disturbances.

8. SIMULATION PARAMETERS

Parameter Value
Grid Voltage 415V
Frequency 50 Hz
DC Link Voltage 700 V

Converter-side Inductor (L1) 2 mH
Grid-side Inductor (L2) 1 mH
Filter Capacitor (C) 10 pF
Switching Frequency 10 kHz
9. SIMULATION RESULTS

9.1 Grid Current Waveform

The proposed controller maintained
sinusoidal current injection even under
unbalanced conditions.

9.2 Harmonic Analysis

Control Method THD
ontrol Metho

(%)
Conventional PI Control 6.8
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THD 2. Effective suppression of LCL
Control Method (%) resonance.
Resonant Controller 45 3. Reduced harmonic distortion.
4. Fasterd i .
Proposed Passivity-Based 21 aster dynamic response
Control ) 5. Robust operation under parameter

o variations.
The proposed method significantly reduced

Total Harmonic Distortion (THD). 6. Enhanced power quality.

10. DYNAMIC RESPONSE ANALYSIS 13. APPLICATIONS

The proposed controller demonstrated: The proposed control strategy can be

applied in:

o Faster settling time
e Reduced overshoot
o Improved stability

e Better disturbance rejection

PI Proposed

P t
arameter Controller Method

Settli

e 925 0.12's
Time
Overshoot 12% 4%
THD 6.8% 2.1%

11. STABILITY ANALYSIS

The passivity-based approach ensures
global asymptotic stability by satisfying
energy dissipation conditions.

Stability condition
Hx)<0

This condition guarantees that system
energy decreases over time, ensuring stable
operation.

12. ADVANTAGES OF PROPOSED
METHOD

1. Improved stability under weak
grids.
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e Solar photovoltaic systems
e Wind energy systems
e Smart grids
e Electric vehicle charging stations
e Microgrid systems
o Energy storage systems
14. LIMITATIONS

1. Higher computational complexity
compared to PI control.

2. Requires accurate system modeling.

3. Advanced digital controllers are
needed.

15. FUTURE SCOPE
Future work can focus on:

1. Hardware implementation using
DSP or FPGA.

2. Artificial
adaptive control.

intelligence-based

3. Fault-tolerant converter operation.

4. Integration with renewable hybrid
systems.

5. Real-time experimental validation.

https://ijerst.org/index.php/ijerst 2830



https://ijerst.org/index.php/ijerst

Int. J. Engg. Res. & Sci. & Tech. 2026, ISSN 2319-5991 %MWMMMMWHM

16. CONCLUSION

This paper presented a novel cascaded
passivity-based control approach for LCL
grid-connected converters operating under
unbalanced weak grid conditions. The
proposed method effectively improved
converter stability, reduced harmonic
distortion, and enhanced dynamic
performance compared to conventional

control techniques.

Simulation results demonstrated that the
proposed controller maintained stable
operation and achieved lower THD under
unbalanced grid conditions. The passivity-
based control strategy  successfully
suppressed resonance effects and improved
power quality.

Therefore, the proposed approach is a
promising solution for modern renewable
energy integration and smart grid
applications.

17. References

1. Erickson, R.W., “Fundamentals of
Power Electronics™.

2. IEEE Transactions on Power
Electronics.

3. IEEE Transactions on Industrial
Electronics.

4. Research papers on LCL grid-
connected converters.

5. Studies on passivity-based control
systems.

6. Journal of Renewable Energy
Systems.

7. Grid synchronization and stability
analysis journals.

Vol. 22, No. 2, 2026

8. Modern Control Engineering by
Katsuhiko Ogata.

9. Power System Stability and Control
literature.

10. Recent research articles on smart
grid converter control.

AUTHOR DETAILS:

GUGULOTH RAMESH, currently
pursuing my M.Tech in Electrical Power
Systems at Abdul Kalam Institute of
Technological Sciences, Kothagudem,
Bhadradri Kothagudem, Telangana, India. I
received my B.Tech degree in Electrical &
Electronics Engineering from Scient

Institute of Technology Ibrahimpatnam,
RangaReddy Dist , Telangana, India.

BANOTH SURESH presently working as
Associate Professor in Abdul Kalam
Institute of Technological Sciences,
Kothagudem, Telangana, India. He
received his B. Tech degree in Electrical &

Electronics Engineering from JNTUH and

https://ijerst.org/index.php/ijerst 2831



https://ijerst.org/index.php/ijerst

Int. J. Engg. Res. & Sci. & Tech. 2026, ISSN 2319-5991

eRST

"@"Memﬁml Journl of Engineering Researchand Science & Technology

completed his P.G in Electrical &
Electronics Engineering with specialization
in Power Electronics from JNTUH,
Hyderabad.He has a teaching experience of
12 years. His areas of interest include High
Voltage DC Transmission, High Voltage
Engineering, Electrical circuits and Control
Systems. He is also interested in research
related to advanced power conversion
techniques and the application of power

electronics n modern power systems

BABURAO PADDAM (ARAVIND)

currently working as Associate Professor

Vol. 22, No. 2, 2026

and Dean of Academics in Abdul Kalam
Institute of Technological Sciences,
Kothagudem, Telangana, India. He
received his Bachelor of Technology in
Electrical & Electronics Engineering from
JNTUH and completed his Master of
Technology in Electrical & Electronics
Engineering with specialization in Power
Electronics from JNTUH, Hyderabad and
pursuing PhD in SriSatyaSai University of
Technology and Medical Sciences, Sehore,
Bhopal. He has a teaching experience of
20+ years. His areas of interest include
Hybrid electric vehicles, power system
operation and control, power
semiconductor drives, power electronics
and Electrical machines. He 1is also
interested in research related to drives
control with help of advanced power device

controllers.

https://ijerst.org/index.php/ijerst 2832



https://ijerst.org/index.php/ijerst

