: %/ ] I l:—r A International Information and

Engineering Technology Association

Design a New DC-DC Converter for a Grid Connected Photovoltaic System

Hassen Kaddour*, Abderrahmane Dib?

Check for
updates

! Department of Science and Technology, Faculty of Sciences and Applied Sciences, University Oum El Bouaghi, Ain El Beida

04200, Algeria

2 Laboratory of Electrical Engineering and Automatic LGEA, University Oum EI Bouaghi, Ain El Beida 04200, Algeria

Corresponding Author Email: hassenkaddour075@gmail.com

https://doi.org/10.18280/ejee.230110 ABSTRACT

Received: 10 November 2020
Accepted: 7 January 2021

Keywords:

Direct Powers, Control (DPC), Space
Vector, Modulation (SVM), Total Harmonics,
Distortion (THD, Multi-variable Filter
(FMV)

This paper presents a recent technique for photovoltaic grid connected systems based on
the use of the (DPC-SVM) to select the optimal switching states to apply to the inverter,
where the extended reactive power is used instead of reactive power. This technique
allows achieving an optimal control of the inverter which manifests in controlling the
converters using an MPPT algorithm instead of controlling each part separately. This
yields to a reduced global control system on a large scale. In this context, we suggest a
DC-DC boost converter circuit to ensure better behavior of the system. The FMV
technique is used to inject specific harmonics in order to eliminate or minimize the
undesired harmonics. The SVM model has also been developed for optimal control of

the inverter to prove the high performance of the proposed method. All the results are
analyzed theoretically. The simulation has shown that this strategy gives satisfactory
performances, improvement of the power factor and a reduction of the THD by 37%.

1. INTRODUCTION

Energy production has been always a major challenge due
to the growing energy needs as populations and industrial
communities increase. As a result, developed countries will
need more and more energy to implement their development.
There are several types of renewable energy sources, such as
the photovoltaic energy. Although photovoltaic energy has
been known for years as a source of electric power from a
few watts to a few megawatts, it is an interesting alternative
to traditional energy sources due to its advantages [1].

In recent years, several researchers are working to develop
photovoltaic system control techniques to maximize the
production of electrical energy from the solar power [2].
Several suggestions have been proposed by researchers for
developing grid connected systems, including DC-DC
converters. Many topologies of DC-DC converters have been
designed for the purpose of improving the efficiency [3],
such as the resonant type transformers that use zero current
conversion or zero voltage switching and the DC-AC
conversion system which uses the CLC resonant type full-
bridge DC-DC converter [4] and new DC-DC non-isolated
high gain converter called Double Zeta Quadratic Converter
[5] and combination of two boost stages namely Quadratic
Boost Zeta and Isolated Zeta forming Integrated Quadratic
Boost Converter with high static voltage gain [6].

However, in this type of transformers, the volume of the
circuit increases. Another DC-DC adapter topology has been
used to improve production efficiency [1].

In addition to that, various methods of controlling power
have been taken care of under unbalanced network conditions.
In the paper [7], the author proposes Direct Powers Control
with Space Vector Modulation (DPC-SVM), this is to
eliminate power fluctuations and obtain a constant switching
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frequency. One of the advantages of DPC-SVM is that it
eliminates the switch table and uses SVM block so that the
switching frequency becomes constant [8]. This ensures a
good energy transfer between the PV and the grid; it also has
lower sampling frequency than a conventional DPC which
help overcome the problem of energy fluctuations. The
vector modulation technique is therefore used to achieve a
fixed switching frequency and less power pulsations [9, 10].

In the study [11] DPC-SVM is used to obtain constant
active power and sinusoidal network currents using the
extended energy theory [12]. Whereas Ouchen et al. [13]
proposed to improve the replacement of Pl controllers with
second order sliding mode controllers (ST-SMC) in active
and reactive power control loops. Benbouhenni [14]
proposed controller in the neural sliding mode based on
neural pulse width modulation (NPWM), whereas in the
paper [15] the author proposes DPC based on the neural
super-twisting sliding mode (NSTSM). Heydari et al. [16]
presented DPC based on the fuzzy logic and genetic
algorithm (GA). According to the research [17], the
performance and strength of conventional DPC and the
NDPC-NPWM method are compared.

In this paper we study a PV system connected to network
using an optimized DC-DC boost converter with injected
harmonic in the command Direct Powers Control using
Space Vector Modulation (DPC-SVM). Conventional DPC-
SVM has also been improved so that actual power can
accurately track its reference. We will also talk about the role
of SVM in improving power fluctuations and obtaining a
stable switching frequency.

In the first stage, we start by explaining the concept of the
DC-DC converter used and how it operates; in the second
stage: We explain the process of injecting harmonics using
the technique FMV to eliminate or minimize the undesired
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harmonics.

In the first stage: the converter circuit is working as a lever
for voltage, its rate of increasing is much greater than the
conventional converter. The circuit has two identical
capacitors that are charged in parallel and are automatically
unloaded by the on-off (1-0) transition of the main switching
device. The circuit is similar to the conventional circuit but
differs in connecting the capacitors c; and c,

In case S1=0, the two capacitors are charged at the same
time.

In case S1=1, the capacitors are discharged at the same
time to the output circuit when connected in series by S1.

This proposed converter is capable for giving voltage in
the output larger, this converter is better than conventional
boost converter.

2. PRINCIPLE OF THE SYSTEM

The studied system is shown in Figure 1. The global
system is made up of three main blocks: The first is a PV
system that provides power for the circuit. Using the
proposed DC-DC boost converter that is controlled by a P&O
MPPT controller. The second consists of a DPC-SVM for the
inverter which has two main roles: the first one is combining
between the network and the PV system through filter and
the second is to compensate the harmonics and reactive
power, the third is the three-phase grid.
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Figure 2. Model of the high gain DC-DC boost converter
circuit [1]

The proposed DC-DC converter can provide higher output
voltage than the conventional boost [18], thanks to the two
capacitors (c4, c,) attached in parallel as shown in Figure 2.
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2.1 Design of the circuit

In the circuit studied in Figure 2, we set (t = 0) at the
beginning of each running mode.

By analyzing the circuit, we find two states: switch on,
corresponds to state “1” while the state is “0” when, the
switch off.

In the first case as shown in Figure 3 the value of the
current I; is given by Eq. (1):
Suppose initial value of i,(0) = 1

1min

. VPV
L= Ilmin + I t
1

1)

The capacitors C; and C; are connected in series. In this
time interval the capacitor C, is charged from the resultant
capacitor voltage and the resultant capacitor voltage of V; +
Ve = 2V charges the output capacitor Co. In addition, the
capacitor Co charges from the resultant capacitor voltage and
the following equations explain how the current i, flows
through the inductor L.

L1
—a 000

Figure 3. Circuit in case "1" [1]

di, 2. _
de_tz + Ef lzdt = —Colp (2)

Since C; is equal to C, we put Cin the upcoming equations.
We get the equation of i as follows:

Lht)=X+Y (3)
2
X = Lincos C—th
Y = ¢ 2V, Vy)si 2
= Z_Lz( cmax — Vo)sin C_th
where, i,(0) = Iymin
Ve (0) = Ve (0) = V2(0) = —Vemax 4)
Integrating Eq. (3) will give:

Ve=A+B+C (5)
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The circuit analysis during mode 2 (switch “0” interval) as
shown in Figure 4 gives:

v
il (t) = Ilmax + t (6)

Ly

Suppose i; (0) = Ijpax:
The equation in the output is as follows:

di, 1
Y ridr=— 7
Ly == [icdt = =V, (7
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Figure 4. Circuit in case "0" [1]
2ic =03 — 1y 8)
We put i; = constant and it’s given:

i1 (t) = Ljcons(t)
Ve = Vemin (9)

i3 = Dymax

By using Egns. (7), (8) and (9), we have:

Lt)=a+p (10)
a=1{1-cos 2Lth + Ihmax€OS 2L2Ct
_|2c v Vysi 1 ;
k ﬂ - LZ ( Ccmin O)Sln 2L2C
v.(t) =k+h+g (11)

k_l 2L, [ —1 . 1 "

=2 17C (I — Izmax)sin 21,C
1

h = (Vemin — Vo)cos 2L,C t

k g=V%

To compare the conventional converter with the proposed
converter, we compare their output signal amplification and
the output voltage ripple along with the input current ripple.

2.1.1 Input current ripple

We put the input current ripple for the conventional boost
converter and the proposed converter equal in value. We put
the duty ratio ay and current ripple Al for the proposed
converter. a¢ and Al ¢ for the conventional boost converter.
Using Eq. (1) give the following:

Aly  ay
—_— = 12
Al a¢ (12)

When ay and a are related, the same voltage is produced
for the proposed and the conventional boost converter as
follows:

ay = 2—a, (13)

We put Eq. (13) in Eq. (12) we get:
Ay 1 1 14
Al 2—ag s (1)

Therefore, the input current ripple is smaller than the
conventional current transformer knowing that the same
initial characteristics were provided for each circuit, which is
one of the advantages of the new circuit.

2.2 Output voltage ripple

The load current I,, in the conventional boost circuit is
given by capacitor C, during the "1" interval. We put I,
constant, in this case the voltage ripple AV, is given by:

I 1V,

Za-T =——
e = TRy

AVye =
oc Co

acT (15)

The output current approximated in each mode is
illustrated in Figure 5 and the output voltage ripple is given

by:

1
AVOC =x+ y = 8_COA12T (16)

1 raT/2 AIZ
x f dt
0

"G aT

1 (A=oT/2Af Al
y [T
= c ), 2  (A-aoT

We put Venax = VY, to get the following formula:

| ae

AVpy = — 2 ayT? 17)

To compare the voltage ripple in the conventional
converter with the proposed converter, we compare Eq. (17)
and Eqg. (15) on the condition of having the same output
voltage.
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Figure 5. Diagram of the new circuit voltage [1]

AVpy 1 R T
AVoe  8Ly(2 —ac)

(18)

Using the Eq. (18), the new voltage ripple can be evaluated.

Discussion has shown that the proposed circuit provides
higher output voltage with better stability.

3. DPC-SVM STRATEGY

The DPC-SVM with constant switching frequency uses
closed-loop power control [7]. As shown in Figure 6, the
output signals are transformed to the fixed frame to generate
the switching signals by the space-vector modulator (SVM)
[18].

__________________

Direct power control with
space vector modulation

Figure 6. DPC with space vector modulation (DPC-SVM)

We need the grid and converter voltages and their delayed
values to derive the power compensation to add to the power
references. Constant DC-link voltage and sine grid currents
are achieved simultaneously without affecting the reactive
power and average active power value at the network side.

One of the positives of this proposed method is to
nullifying the oscillations active and reactive power.

The complex power is defined as:

3
S ==(ei") (19)
2
The active and reactive power of the complex power:
3
p= ERe(ei*) (20)
3
q= Elm(ei*) (21)
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In the paper [19], complex power is defined as:

3
qext — —Im(e’i*) (22)

2

The proposed method proved great in eliminating
oscillations compared to the conventional method, using
(q®**) with active power. As a result, the cancellation of the
active power ripple will naturally lead to the elimination of
reactive power ripple while obtaining sinusoidal current. The
grid voltage and current consist of positive and negative
sequence components.

(23)

e=et+e =Ej e/ +E e ™
é = jEj e/t + Eg e (24)

Derivative “active power” and “extended reactive power”.

3 dé di*
a _ >3 “e . 4t 25
dt 2Re<dtl +edt) (29)
dq®t 3 (dé di
=—Re|—i*+6é6— 26
T e(dtl +edt) @)
Derivative (19) and (20) are as follows:
de
— = jwet — jwe” = wé 27
=) j (27)
dé
== wet —we™ = we (28)
di 1
= (e—v—7i 29
R L(e v —1i) (29)

Compensation (23) and (25) into (21) and (22) respectively:

dp 15 R ext
=" - N ——p — 30
7t = 1 Llel® —Re(ev)] —7p -~ wq (30)
dpext . R oxt
— * 2ok no_ _ 31
1t T Re[(e* — v™)e’] 74 wp (31)

The errors of the active and reactive powers are applied to
the respective PI regulators. The output in the (d-g) vectorial
space system is the voltages (ucg, ucq ), as shown in Figure 7
[20, 21].

The coefficients of the power regulators Pl can be
calculated by a simplified model of the rectifier in (d. q)
frame, the model in the repository d-q is given by Eq. (32):

. dig .
eq = Riy +LE_ wLig + Ugq
di (32)
eq = Rig + Ld—;’— WLiq + Ueq
From which the Eq. (33) becomes:
. dig .
E =Riz + LE—WLLq + Ueq
(33)

) dig )
0 = Ri, +LE_Wle + U



Figure 7. Block diagram of the loops of p and g with two
correctors Pl

With the introduction of the power regulator PI block, the
following diagram is obtained (Figure 8) [20]:

If we assume that the reactive power is zero thatisiq = 0,
the loop of regulation of the reactive power can be eliminated
as shown in Figure 8.
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Figure 8. Active power regulator [18]

The line voltage is considered as a constant and must be
compensated by the integral part of the corrector PI.
The closed loop transfer function is given by:

E(kps + k;)

G =
©)=1e7 (Ek, + R)s + Ek;

(34)
The transfer function of a second-order in closed-loop
system is given by:

1
(s? + 2ew,s + w32)

F(s) = (35)

By analogy between an expression (34) and (35) finds:

K 2.L.ew, — R

PTTE
r _ Lo} (36)
PTOE

It should be noted that the Eq. (36) is valid for the two
correctors.

4. SIMULATION RESULTS

To verify the performance and the feasibility of the DPC-
SVM with the proposed DC-DC converter applied on the PV
system connected with shunt active power filter, a digital
simulation has been carried out using MATLAB/SIMULINK
software that compare the performance of the conventional
[22] and the proposed converter under the same command of
the DC-DC converter (P&O) and parameters (Table 1).
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Table 1. System parameters

Parameter Value
R | resistance 03Q
L; inductance 8 mH
C capacitor 0.0011 F
T, Sampling Time 50 us
f frequency 50 HZ
f. Switching frequency (DPCSVM) 15KHZ

By comparing both the results of the proposed converter
and the conventional converter [23], the obtained simulation
results show the efficiency and performance of the proposed
DC- DC converter.

Figure 9-A shows the voltage and Line current waveforms,
we observe that the current line has has less oscillation.

Figure 9-B and Figure 9-C show the instantaneous active
and reactive power. It can be seen that the active and reactive
power have a good time response and less ripple with the
proposed DC-DC converter without oscillations. When
comparing the active power between the conventional and
the proposed method we find that the conventional active
power has a response in t = 0,15s, while the response time of
the new active power in t = 0,05s, this proves the advantage
of the proposed method.

Figure 9-D and Figure 10-D show the power solar panel
using P&O MPPT. We put the same values to compare the
performance of the proposed and the conventional converter

Figure 9-E and Figure 10-E show the power across the
load using P&O MPPT. We observe that the proposed DC-
DC converter amplifies the output signal larger than the
output signal of the conventional converter and a rapid time
response and low ripple.

In Figure 9-F and Figure 10-F we observe that the voltage
across the load is larger in the proposed DC-DC converter
and a smaller time response and low ripple.

Figure 9-G and Figure 10-G show the voltage across the
solar panel using P&O MPPT. We observe that the output
voltage of the proposed DC-DC converter is larger than that
of the conventional converter with faster response and less
ripple. Figure 9-L and Figure 10-L shows the Harmonic
spectrum of the line current when we obtained the value of
THD is 1.04% with classical DC-DC and 0.87% with
proposed DC-DC.

The simulation results are very satisfying and show that
the adopted technique improves the power factor and reduces
the Total Harmonics Distortion to about 37%.

20 T T T T T —Current
— Voltage

(V*10)& (A)
- o

0 0.2 014 0.‘6 0.8 t(s) 1 112 114 1.‘6 1.8 ;
A. Voltage and line current

E

Time(s)
B. Instantaneous active power conventional (red) and new
(blue)
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Figure 9. Results of simulations of the DPC-SVM with
Classical DC-DC converter
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Figure 10. Results of simulations of the DPC — SVM with
proposed DC-DC converter

5. CONCLUSION

In this paper, we used extended reactive power instead of
reactive power usually used in conventional DPC-SVM. so
that actual power can accurately track its reference. Also, we
controlled the converters using MPPT algorithm at the same
time, and not controlling each one separately. Moreover, we



described the basics, circuit parameter and design of a
proposed DC-DC boost converter circuit that gives a larger
step-up ratio.

The simulation results confirmed that the DPC-SVM with
the DC-DC converter could decreases the losses; raise the
voltage at the output with a better stability and much greater
voltage than the conventional boost converter with a better
input and output ripple characteristics.

The DPC-SVM has shown high efficiency and stability in
the system. Also, the THD and active and reactive power
were improved using extended reactive power as the results
showed. Where we noticed improvement in active and
reactive power’s response where it stabilized on a value in
lesser time. Also, the stability was improved where there was
not much ripples comparing to the conventional DPC-SVM
as demonstrated in (Figure 9-B, Figure 9-C). Also we
recorded a decreasing in the value of THD (0.8%) using the
proposed DPC-SVM technique (Figure 10-L)).

Therefore, we conclude that our system with proposed
DC-DC converter have a good performance such as stability,
robustness and smaller ripples comparing to the classical DC-
DC converter and also recorded a decrease in harmonic ratio.
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NOMENCLATURE
MPPT Maximum Power Point Tracking
Vpy PV array voltage (V)
Ipy PV array current (A)
Sa Sp, Se Switching state
K, Proportional gain
K; Integral gain
Pref Reference active power
Qref Reference reactive power
Vi, Vacrer  Actual and reference Vi,
Wy Natural frequency
Pl Proportional-integral
DPC Direct power control
SVM Space vector modulation
THD Total harmonic distortion
ay Duty ratio
C; et C, Capacitor
S1 Switch
L,etL, Inductance
Reet L¢ Grid filter resistance and inductance
Alin Current ripple
V¢, et Ve,  Capacitor Voltage
Co Output Capacitor
Iy Output Current
Vo Output Voltage
Ty Control period





