Acta Polytechnica 66(1):30-35, 2026
https://doi.org/10.14311/AP.2026.66.0030

DESIGN AND STABILITY ANALYSIS OF A HIGH-PERFORMANCE
THREE-PHASE INVERTER FOR PHOTOVOLTAIC APPLICATIONS

MOHAMMED EL BACHIR GHRIBI*"*, ZINE EDDINE TOUHAMI TERNIFI®,
GHALEM BACHIR?

University of Sciences and Technology of Oran, Faculty of electrical engineering, Department of electrical
engineering, Applied Power Electronics Laboratory (LEPA), Bir El Djir 1505, El-Mnaouer, 31000 Oran, Algeria

University of Sciences and Technology of Oran, Faculty of electrical engineering, Department of electrical
engineering, Laboratory of sustainable development of the electrical energy (LDDEE), Bir El Djir 1505,
El-Mnaouer, 31000 Oran, Algeria

corresponding author: mohammedelbachir.ghribi@univ-usto.dz

ABSTRACT. This paper presents the design and analysis of a three-phase photovoltaic inverter based
on a Boost-Buck-Discharge microinverter architecture. It converts low DC voltages (24-240V), typical
of PV panels, into high-quality three-phase AC with minimal THD. The topology integrates a boost
converter elevating voltage to 240V, a buck-discharge stage generating rectified sinusoidal waveforms,
and a full-bridge inverter producing pure sinusoidal outputs. A step-up transformer ensures standardised
voltages of 225V RMS (single-phase) and 390 V RMS (line-to-line) with galvanic isolation. Sliding
mode control is applied to buck-discharge circuits to ensure robust and stable operation, validated via
Lyapunov analysis. Results show THD below 3% for all tested resistive and inductive loads, confirming
efficient multilevel conversion and suitability for decentralised renewable energy systems requiring
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reliable three-phase DC-AC transformation.
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1. INTRODUCTION

The growth of renewable energy, particularly solar
and wind, has greatly increased decentralised elec-
tricity generation, mainly through domestic photo-
voltaic systems whose output rarely exceeds a few
kilowatts. This expansion requires adapting grids
and converters to efficiently capture and inject this
power with high quality, and developing conversion
structures that transform DC energy into AC while
maximising the injected power [IH6]. Photovoltaic in-
stallations, whether small or industrial, face a choice
between centralised or string inverters — which simplify
installation but reduce modularity and microinvert-
ers dedicated to individual panels. The latter limit
power losses due to shading or failure, since the panels
operate independently [7HI]. Modern inverter archi-
tectures in microinverters often employ multi-stage
topologies designed to generate a sinusoidal voltage
without the need for additional filtering. Primarily
intended for low-power single-phase systems, these
architectures include a front-end DC/DC stage to
boost or modulate the input voltage. The result-
ing voltage is then converted into alternating current
to supply a load or inject power into the grid, en-
suring synchronisation and low harmonic distortion
through optimised control [T0HI5]. Since a single so-
lar panel rarely exceeds 50 V, modular inverters must
boost this to 220-240 V AC. Achieving this requires
a step-up transformer, which also ensures galvanic
isolation between the source and the load [I16] [I7].
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This work proposes a photovoltaic inverter based on
a microinverter concepts, designed to deliver high-
quality three-phase AC voltage and current with min-
imal harmonic distortion. It targets wide input volt-
ages (24-240V), ensuring compatibility with various
batteries and PV systems. A multi-stage approach
is adopted: the first stage is a boost converter to
raise the voltage [I8422]; the second, a ripple sys-
tem based on a buck-discharge structure [23]. Each
phase uses a substructure producing a rectified sinu-
soidal voltage. The buck charges a capacitor, while
the discharge circuit controls its release, yielding an
asymmetric waveform approximating a sine. This
waveform feeds a full-bridge inverter operating at grid
frequency (50Hz) in order to generate a pure sinu-
soidal output. At low input voltages, the transformer
further increases voltage and provides galvanic isola-
tion. The configuration is replicated for three phases,
phase-shifted by —120° and —240°, to ensure a bal-
anced three-phase output. The buck-discharge circuit
uses sliding mode control for its simplicity and com-
patibility with the converter’s nonlinear behaviour,
avoiding oscillations. The boost converter operates
in open loop with a fixed duty cycle. Although the
buck-discharge does not ensure perfect zero-crossing,
slightly increasing THD, the impact one the total
voltage remains minimal. Stability analysis confirms
convergence, and results show THD below 3% for all
operating conditions, with transistor switching fre-
quencies under 10 kHz.
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FIGURE 1. Schematic diagram of the high-performance boost-buck-discharge three-phase inverter.

2. MATERIALS AND METHODS

The schematic illustrated in Figure |1| presents the
advanced architecture of a high-performance three-
phase inverter derived from the boost-buck-discharge
topology. This design aims to establish a benchmark
in power conversion efficiency and reliability. The sys-
tem starts with a boost converter that raises the input
DC voltage (24-240V) to a stable 240V, ensuring
compatibility with a wide range of sources. Subse-
quently, a buck converter operates in conjunction with
a discharge circuit to generate a rectified sinusoidal
waveform: the buck stage controls the capacitor charg-
ing process, while the discharge circuit governs the
discharging phase to maintain voltage balance. The
resulting waveform is then processed by a full-bridge
inverter, converting it into a pure sinusoidal signal
suitable for three-phase applications. A step-up trans-
former increases the voltage to 225V RMS, ensuring
compliance with standard output levels. Finally, the
buck-boost and inverter stages are replicated to pro-
duce three phase-shifted voltages at 0°, —120°, and
—240°, ensuring an efficient three-phase operation
with minimal harmonic distortion.

The boost converter plays a crucial role in elevat-
ing the input voltage to a level suitable for the buck
converter. Specifically, it increases the input voltage
to the reference value of 240 V. This stage is managed
through Pulse Width Modulation (PWM) control,
which ensures precise regulation of the output volt-
age. A direct voltage measurement is employed to
maintain accuracy. To optimise performance, the in-
ductance and capacitance of the boost converter are
carefully calculated. The capacitor is sized to supply
the rated current to the inverter for one-quarter of
the period, ensuring a sufficient energy storage and

delivery. Concurrently, the inductor is designed to
operate continuously with an acceptable ripple cur-
rent rate, minimising losses and maintaining efficiency.
The switching frequency of the boost converter is set
to 5 kHz, a choice that balances efficiency with compo-
nent stress and overall system performance. This fre-
quency ensures that the converter operates effectively
while keeping the ripple current within the acceptable
limits, thus contributing to the overall high-quality
output of the inverter system.

Vo
12 va (1 Vboost )

Lr=————"= 1
IALLT. (1)

o Iboost
C’boos‘c—max - 4Ast . (2)

In the buck-discharge circuit, when switch K1 of the
buck converter is activated, the capacitor begins to
charge, causing the voltage across it to rise. Once the
buck converter is deactivated, the capacitor discharges
through both the load and the discharge circuits. The
discharge inductor is utilised to limit the current flow-
ing through the circuit when switch K1’ is conducting.
This combination of components produces a rectified
sinusoidal waveform. The value of the discharge in-
ductor (Lg) is designed to ensure that the maximum
discharge current is not exceeded, particularly at min-
imal frequencies. To maintain optimal performance,
the inductance (L) must satisfy the following inequal-

ity:

Ve - V uck-max V uck-max
buck <Ls< buck (3)

s .
Ibuck—rﬂax X fcom—min

Ibuck—max X fcom—min

The capacitor’s role is to supply current to the load
during the phase when the source is disconnected. To
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maintain the same power output, a lower reference
voltage for the buck converter necessitates a larger
capacitor. This is because a lower voltage leads to
higher inrush currents, increasing losses for undersised
loads. The capacitor value is determined to supply
the rated current to the load for one-quarter of the
period:

IZTxA/t 1 fIcAV' )

S

The discharge inductance is calculated to ensure that
the maximum discharge current is not exceeded, espe-
cially at minimal switching frequencies:

Cmaz =

V uck-max
Ly < buck . (5)

ILd—max X fcom—min

The inverter is controlled using a sliding mode control
(SMC) strategy, Each buck converter operates with its
own reference voltage, phase-shifted by 120° from the
others. To preserve efficiency and performance, the av-
erage switching frequency of the buck converters and
discharge circuits is maintained below 10kHz. The
control law, expressed by Equation @, corresponds
to a first-order sliding mode control based on the sign
function. Although this approach typically induces
chattering in the controlled variable, in this system,
the effect is negligible, as the converter naturally al-
ternates between two switching states [24H26].

a; = ke ' Sign(‘/ref-j - Vbuck-j)

6

+ kn /(V;ef-j - Vbuck—j) dt. ( )
For the stability analysis of the converter with the
control law presented in Equation (@, the Lyapunov
method is selected, as it is particularly well suited to
nonlinear systems. Since the objective of the control
is to regulate the three-phase system at the output,
the most common Lyapunov function is a quadratic
function of the voltage errors, given by Equation .
The choice of this function is justified by its direct
physical interpretation as an “error energy” that the
system must dissipate. This approach ensures not
only the stability of the equilibrium point but also the
dynamic performance of the control loop [27H29].

3
(‘/}ef-j - vauck—j)2
V= . 7
3 G @
j=1
Condition one: The Lyapunov function is strictly
zero at the origin:

V(0,0,0) = 0. (8)

Condition two: The Lyapunov function is strictly
positive:
V=>0. (9)

Condition three: The derivative of the Lyapunov
function is strictly negative. In demonstrating the
sign of the derivative of the Lyapunov function, we
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assume that the reference is constant over a very short
period of time:

3
V = Z _Vbuck—j (Vref—j - Vbuck—j)~ (10)

Jj=1

For the control to remain stable, Condition [3] must
be satisfied. To achieve this, the discharge branch,
composed of switches ¥, k%, and k%, and the inverter
bridge are considered as a simple load, which allows
the direct consideration of the relationship between
the input and the output of the buck converter to
represent the operation of the buck-discharge stage.
This simplification leads to the transition towards
Equation and implies that the variation of the
duty cycle must have the same sign as the error, as
shown in Equation :

3
V = Z 70‘5jvboost(vref—j - Vbuck—j) < 07 (11>

Jj=1
sign(a;j) = sign(Viet-5 — Vbuck-5)- (12)

By deriving the relation from Equation @, it is
possible to deduce the relationship between the error
and the variation of the duty cycle, as given by Equa-
tion . This leads to Equation and confirms
that the sign of the variation of the duty cycle is identi-
cal to that of the error, thus validating Equation ,
ensuring control stability, and guaranteeing the con-
vergence of the output voltage towards its reference
value:

O"j = _2keajvboost5(v}ef-j - Vbuck-j)
+kn(‘/rcf—j - Vbuck-j)a

s — kn(v}ef-j - Vbuck-j)
! 1+ 2keVboost5(Vref—j - Vbuck—j) )

This is then fed into a full-bridge inverter that trans-
lates the rectified sinusoidal voltage to an alternating
sinusoidal waveform. To produce a high-quality out-
put, the inverter operates with a 180° phase shift at
a frequency of 50 Hz. All the inverters in the bridge
are controlled 120° out of phase among each other,
which results in a balanced three-phase output.

In this system, the purpose of the transformer is to
step up the voltage from the inverter so it meets stan-
dardised output values. The transformer increases the
single-phase voltage output to 225V RMS, while in-
creasing the voltage between two phases to 390 V RMS.
This transformation of voltage provides an output
that meets industry standards and is compatible with
any application requiring steady and reliable power.
The voltage is boosted to better manage power losses
through the system and hence increase has a overall
efficiency in such a way that the inverter has a high-
quality sinusoidal output that meets the voltage spec-
ification for practical use.

The presented converter uses a total of nineteen
power switches: twelve switches for the inverter

(13)

(14)
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Resistive load

Inductive load

Parameter (¢ = 0°) (¢ = 90°)
RMS THD RMS THD
Vsl 22558V  2.06% 226.25V  0.9%
Vs2 22556V 1.98% 226.24V  0.32%
Vs3 22525V 2.38% 22642V 0.5%
I1 225A  2.06% 225A 1.60%
12 225A  1.98% 225A  1.63%
13 2.25A 238% 225A  1.83%
V12 390.70V  1.62% 392.86V 1.31%
V23 390.70V  1.75% 391.99V 1.40%
V31 39090V 1.81% 39230V 1.37%

TABLE 1. Summary of results for the three-phase buck inverter in resistive and inductive load cases.

bridges, controlled by a square-wave signal at 180°
with a frequency of 50 Hz, one switch for the boost
converter, operated in an open loop at a frequency
of 5 kHz with only the input voltage measured; and
finally, each buck-discharge uses two power switches
controlled asymmetrically, resulting in a total of six
switches for the three buck-discharge circuits.

3. RESULTS AND DISCUSSION

These three buck-discharge circuits generate three rec-
tified sinusoidal voltages, each phase-shifted by 120°
with respect to the others, corresponding to the three
phases of the system. In terms of THD, the perfor-
mance, when the inverter is tested under resistive
load, shows good voltage and line current THD, al-
ways staying below 3%. This THD value is mainly
due to the non-zero voltage during switching transi-
tions in the bridge inverter for the line-to-line voltages.
Zero-crossing is ensured for the line-to-line voltages,
as these voltages are obtained from two single-phase
voltages. Consequently, the THD of a line-to-line volt-
age remains below approximately 0.5 %. When tested
with a purely inductive load, equivalent results were
obtained, indicating robustness to load variations. Ta-
ble [[] provides a summary of the THD values as well
as the RMS values for various resistive and inductive
loads, and it can easily be from this table that the
nature of the load has a negligible impact on THD
performance.

Figure [2] illustrates the output voltage of the buck-
discharge circuit. It presents the waveform charac-
teristics as well as the performance of the voltage
generated by the buck converter coupled with the
discharge circuit, highlighting the waveform that is
close to the rectified sinusoid produced by the cir-
cuit. This figure provides an overview of the output
voltage stability and quality. However, this type of
converter struggles to ensure a perfect zero-crossing,
particularly when the difference between the input and
output voltages is significant, as is the case here. Fig-
ure [2| clearly shows this phenomenon, which decreases
the THD but remains negligible for the line-to-line
voltages. Figure [3| shows the voltage output from the
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FIGURE 3. Voltage at the transformer output.

transformer, which follows the rectification and mod-
ulation stages of the inverter system. It shows the
waveform of the voltage after being stepped up by the
transformer to achieve the standardised values. The
plot demonstrates the characteristics of the output
voltage, including its amplitude and waveform shape,
reflecting the effectiveness of the transformer in ele-
vating the voltage to the required values of 225V for
single-phase and 390V for inter-phase connections.
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Fi1cURE 4. Complex three-phase voltage.

Figure [ illustrates the complex three-phase voltage
output of the inverter system. It presents the wave-
form of the three-phase voltage, showing the phase
relationships and the overall shape of the voltage sig-
nal. The plot highlights how the individual phase
voltages combine to form a balanced three-phase sys-
tem, with each phase shifted by 120° from the others.
The figure provides a comprehensive overview of the
voltage quality and the synchronisation of the three
phases in the system.

4. CONCLUSION

The proposed topology for the high-performance three-
phase system exhibits excellent performance in terms
of power quality. Thanks to the addition of the boost-
buck-discharge mechanism, it achieves a THD below
3 % across a wide operating range. The use of a boost
converter at the input allows for the utilisation of
a wide variety of sources, ranging from a 24 V battery
to a photovoltaic string of 240V, The work presented
in this document aims to propose a sizing method for
the inverter, accompanied by a comprehensive study
of the stability of the control applied to this topology
using the Lyapunov method. The results obtained
demonstrate good reference tracking and low THD, for
loads ranging from pure resistance to pure inductance
under nominal current.

LIsT OF SYMBOLS

Choost-max Boost capacitance [F]

Cmax Buck-discharge capacitance [F]

fs Synchronisation frequency [Hz]

feom-min Minimal switching frequency of buck converter
[Hz]

I, I, I3 Simple current [A]

L’ Inductance of boost [H]

Lq Inductance of buck-discharge [H]

L, Inductance of buck-discharge [H]

Vi, Va2, V5 Simple voltage [V]

Viet-j; Vbuek-; Buck converter reference voltage, buck con-
verter voltage [V]
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Vi2, Va3, Va1 Composite voltage [V]
V' Lyapunov function
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