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Abstract: In this paper we have studied the modeling of photovoltaic solar panels, the buck-boost converter and multi-level
asymmetric H-bridge inverter. We have proposed a buck-boost converter control strategy and a multilevel inverter control strategy

based on Nearest Level

Modulation. The results of the simulation performed with the PSCAD-EMTDC software show

that the proposed models and control strategies can be used in a photovoltaic system. This article can be considered as an update of the
models used and a complement in the control of multilevel asymmetric H-bridge inverters.
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1. Introduction

The cost of photovoltaic solar panels is becoming lower and
lower in the world because of mastery of their
manufacturing technology. In order to increase electricity
coverage in our African countries, we must seek to lower the
cost of isolated converters and even electric grid tied
converters. The short-circuit current of a panel increases
with illumination while the open -circuit voltage varies
slightly. The open-circuit voltage and maximum power of a
photovoltaic panel decrease very slightly when the
temperature rises [4], [5]. In order to adapt the output
voltage of the panels to the converter input voltage which is
lower [9, 10, 11], in some works the buck converter
controlled by the MPPT are used to control photovoltaic
panel systems. Sometimes the boost converter controlled by
the MPPT [14], [15] are used to adapt the output voltage of
the panels to the converter input voltage which is higher.

We opted here for a buck-boost converter, because the
variation range of the panel voltage is wide depending on
the change in brightness and ambient temperature during
the day, or one season to another. This converter will allow
to adapt the output voltage of the panels to the input voltage
of the converters in both directions [8].

The development of power electronics brings us a lot of
solutions like the two levels converters, the three levels and
even multilevel converters. The NPDC structure is presented
by Nabae [16] and yuan [17]. The FC topology is presented
by Meynard [18], the cascade structure of H bridge
converter module is presented by Marchesoni [19] and
Hammond [20]. Most of these different technologies often
use transformers and filters to  generate quasi-
sinus voltages. To produce a pure sinus output voltage
with very little harmonic content, thus limiting the size of
the filters and even the transformers, we propose in this
project the asymmetrical multilevel converter in bridge
H. The cells of such a converter are powered by isolated
voltage sources. Our isolated voltage sources consist of
voltaic solar panels controlled by a buck-boost converter.

2. Photovoltaic Solar Panel Modeling

Generally the panel is modeled as a current generator.

Several electric models have been proposed to represent the
photovoltaic cell whose model with a single diode [2], the
model with two diodes [3]. In this project we propose the
model with a single diode that will functions as a generator
of current and voltage around its operating point as shown in
figure 1.
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Figure 1: Model with a single diode

Where Iph represents the photo current, Rs and Rsh
respectively represent the series resistance and the parallel
resistance of the photovoltaic cell.

The current flowing in te cell when the load connected to a
receiver is given by the formula:

I= Iph + Id + Irsh (1)
Where, Id the diode current and Irsh the current in the
parallel resistance.

The equation of the photo current as a function of solar
irradiation and temperature is expressed in the De Soto
model [1].

G
[ph = ISCR E [1 + aT(Tcell - Tcellref )] (2)
The current of the diode is expressed by the equation:
_ q.Vd _
la = lo(exp (H5—) = 1) )

Expressing the diodevoltage the according to the output
parameters of the cell (I and V), we can write:
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vy =V +IR, (4)
I =1 (exp (‘YV(‘;;T’Z?S) - 1) (5)

Thediode saturation current is expressed by the equation:

Tcell 3 1 1 qe
- —cell — )19
Io B Io‘ref (Tcellref ) exp [(Tcellref Tcell) VK] (6)
Where loref is the reference diode saturation current ,K is

the Boltzmann constant, Tcellis the effective temperature of
the cells (in Kelvin), Tcellrefis the reference temperature of
the cells (in Kelvin), g the charge of the electron, and y the
quality factor of the junction.

A photovoltaic module is generally constituted by
connecting Ns cells in series and Np photovoltaic cells in
parallel.

Then the module equivalent parameters can be written as:

Ipheq = NPIph (7)

Ideq = NPId (8)
Ns

Rseq = ERS (9)
Ny

Rsheq = ERsh (10)

Irsheq = NPIrsh (11)

The photovoltaic module current can be expressed by the
formula:

Im = Ipheq + Ideq + Irsheq (12)
The photovoltaic module voltage is defined by:
V,, = NgV (13)

3. Modeling of the buck-boost converter and
it control strategy

This converter combines both a buck converter and a boost
converter. It can be supplied by DC or AC input voltages. A
buck converter produces an output voltage between zero and
it the input voltage, while a boost converter produces an
output voltage greater than it input voltage.
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Figure 2: non-inverting buck boost converter

In continuous mode, when switching is done between 0 and
DT: the switches SW1 and SW2 are ON and the diodes D1
and D2 are OFF.

dal, Vﬂ

i . (14)

Alon = Vi I (15)

When switching is done between DT and T: the switches
SW1 and SW2 are OFF and the diodes D1 and D2 are ON.

aly _ Vour
= (16)

(T-DT)

Aliorr = Vour (17)

Since the energy stored by the inductance at the beginning
of the commutation is the same at the end of the

commutation.
Vour _ D
Vin 14D (18)
The dutycycle Dof the non-inverting buck-boost
converter can be expressed as follow:

Vout (19)

Vout +Vin

According to the voltage Vpv and current Ipv of the solar
photovoltaic panels, the MPPT [12], [13] controller
generates the reference voltage Vmppt corresponding to the
point of the photovoltaic generator maximumpower. The
difference between the voltage Vmpptand the voltage
measured at the output of the buck-boost converter is
controlled by a Proportional Integral Pl regulator to give the
duty cycle D.

To make this converter operate in booster mode, the switch
SW1 is triggered ON and thePWM control signal is applied
to the switch SW2. During this mode the capacitor C2 is
charged by the sum of the input voltage and the voltage of
the inductance L. The voltage of the capacitor C2 is
transmitted to the output.

In order for this converter to operate in the step-down mode,
the switch SW2 is triggered OFF and the PWM control
signal is applied to the switch SW1. When the switch SW1
is blocked, the diode D1 conducts the current and ensures
continuity of current flow at the output.

The duty cycle is compared with two triangular signals as

shown in figure 5:

o If D is greater than Saw2, switch SW2 is ON and
otherwise it is blocked,;

o |f D is greater than Saw1, switch SW1 is on and otherwise
it is blocked.

When the duty cycle is less than 0.5, the converter operates

as a step-down chopper while when the duty cycle is greater

than 0.5, it operates as a booster chopper.

4. Modeling of the multilevel inverter and its
control strategy

The proposed topology consists of series connection of H-
bridge cells supplied by voltages sources of different values
as in the references [21],[22], In our project the solar
photovoltaic panels controlled by buck-boost converter are
used as voltage sources.

The DC input voltages for each cell are chosen according to
a law which represents a geometric sequence of reason 3 and
first term Uo as follows:

vd; =U,3""1 for i=12..p (20)
Where i is the index of the cell in the converter, p the
number of cells in the converter, Uo is the unit input voltage
of the cell.
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This choice allows it to reduce the redundancy in the
switching states of the converter switches and thus to have a
high number of voltage levels in the inverter output voltage.
Therefore,the output voltage of a cell can be expressed by:

Vsm; = S; x Vd,; (21)
Where Si is the state of the cell as shown in Table 1.

The inverter output voltage can be expressed by the
expression below:

Vout =YV Vsm; (22)
The modulation techniques used to control multilevel
converters in the literature compare triangular carriers with a
reference as proposed in [23].To mitigate or attenuate
certain harmonics in the inverter output signal ,paper [16]
proposes calculates the switching angles.
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Figure 3: The proposed topology of 27 levels to
asymmetrical H Bridgeinverter driven by buck-boost
converter
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Figure 4: The H Bridge converter

Table 1: Switching states of an H-bridge module

Yes | TG | TD Vsm | Ism
1 1 0 uo iload
0 1 1 0 0
0 0 0 0
-1 0 1 -Uo | -iload

Where TG are the Left switches and TD are the right
switches. In a cell the states of the up and down switches are
complementary

Table 2: The states of the modules of the inverter (Vd1
= Uo Vd2 = 3Uo Vd3 = 9Uo)

levels | Vsm1l | VSM2 | Vsm3 | S1 | S2 | S3 VS,
27 uo 3Uo 9Uo 1 1 1 13Uo
26 0] 3Uo 9Uo 0 1 1 12Uo0
25 -Uo 3Uo 9Uo 1)1 1 11Uo
24 uo 0 9Uo 1 0 1 10Uo
23 0 0 9Uo 0 0 1 9Uo
22 - Uo 0 9Uo -1 |0 1 8Uo
21 uo -3Uo 9Uo 1 111 7Uo
20 0 -3Uo 9Uo 0 -1 |1 6Uo
19 - Uo -3Uo 9Uo 111 5Uo
18 uo 3Uo 0 1 1 0 4Uo
17 0 3Uo 0 0 1 0 3Uo
16 - Uo 3Uo 0 1|1 0 2U0
15 uo 0 0 1 0 0 uo
14 0 0 0 0 0 0 0
13 -Uo 0 0 -1 |0 0 -Uo
12 uo -3Uo 0 1 110 -2Uo
11 0 -3Uo 0 0 -1 |0 -3Uo
10 - Uo -3Uo 0 -1 [-11]0 -4Uo
9 uo 3Uo -9Uo 1 1 -1 | -5Uo0
8 0 3Uo -QUo | 0 1 -1 | -6Uo
7 - Uo 3Uo 9Uo -1 |1 -1 | -7Uo
6 uo 0 -9Uo 1 0 -1 | -8Uo
5 0 0 -QUo | 0 0 -1 | -9Uo
4 - Uo 0 9Uo [-11]0 -1 | -10Uo
3 uo -3Uo -9Uo 1 1 ]-1|-11U0
2 0 -3Uo -QUo | 0 -1 [ -1 | -12U0
1 -Uo -3Uo -QUo | -1 -1 |-1|-13Uo

To determine the voltage level, the difference between the
maximum voltage and the reference voltage is divided by
the unit voltage Uo for a first time before being digitized to
the nearest whole number. The switching signals of the
switches are generated from the voltage level as in Table 2.
The reference voltage is determined as follows:

Vier = MV, sin(wt + @) (23)
Voltage levels can be calculated by the following equation:

level = INT (L) (24)

signals to transistors
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Figure 5: Switching Signals
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5. The Simulation results

To verify the models and control strategies a simulation is
performed in the PSCAD-EMTDC software with the
parameters shown in the appendix. The output voltages of
the three buck-boost converters are shown in Figure 6.
These curves shows that the solar panels voltages applied to
the converters inputs are adapted to the H-bridges inputs.
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Figure 6: The shape of the voltages at the output of
the buck-boost convectors 1, 2 and 3

The curves of voltage levels detection and the control
signals of each switch of the inverter at any instant are
shown in figure 7.
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Figuré 7: The curves of the voltage levels and the sighals
generated for the switches

The output voltage chronographs for each module (3
modules in this project) are shown in Figure 8.This figure
shows that the cell from above produces the voltage level of
100 V, 0V and -100 V between its outputs, the middle cell
produces the voltage level of 300 v, 0V and -300 V between
its terminals and the cell of at the bottom produces the
voltages level of 900 V, 0 V and -900 V between its
terminals.
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Figure 8: The curves of the output voltages of each H-
bridge module

The curves of the voltage across the load and the current
through the load are shown in Figure 9. As shown in this,
the voltage and the current intensity are sinusoidal signals.

DUTRIT Viotage s Curent Graghs

Figure 9: The chronographs of the voltage acrosé the load
and the current flowing into the load

6. conclusions

Based on the results of the simulation, the curves show that
the converter gives voltages and currents close to the sinus,
which results in the decrease in the size of the output filters
and the need for a transformer. The multi-level topology
control technique applied here reduces the frequency of
switching power electronics switches. Such a device will be
interesting as aphotovoltaic systeminverter. Such a device
will be interesting for islanding photovoltaic systemeven for
grid tied photovoltaic system.

Appendix
Buck-boost conv r ter 1 parameters
Capacitor C1 9 000uF
Capacitor C2 90 000uF
Inductance L 0.0011H
The voltage of installed solar panels Vpv1l 100V

Buck-boostconverter 2 parameters

Capacitor C1 3 000uF

Capacitor C2 30 000uF

Inductance L 0.0033H
Voltage of installed solar panels Vpv2 300V

Buck-boostconverter 3 parameters
Capacitor C1 |

1000uF
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Capacitor C2 10 000uF
Inductance L 001H
The voltage of installed solar panels Vpv3 900V

Multi-levelconverter Control parameters

System frequency 50 Hz
Modulation index m 0.95
L oadparameters
R 50Q
The 261.31 mH

Buck-boost converter Control parameters

Control frequency 2000 Hz
Sawl amplitude 0.5
Saw2 amplitude 1.0
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