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Abstract

The purpose of this paper is to develop an isolated and bidirectional AC/DC matrix converter, to
connect an AC grid to a DC grid. By using this converter, it will be possible to reduce the losses of
today’s AC network and make it more efficient by reducing the conversion levels that currently exist. The
proposed system is composed of two matrix converters, a High-Frequency Transformer, and a DC/DC
step-up converter. The inclusion of this converter must ensure that disturbances in both networks are
minimal, so a non-linear control system for DC grid voltage is developed, based on Lyapunov’s stability
theory. Finally, Matlab’s Simulink tool is used, and the system is simulated in several different scenarios.
Through these simulations, it is possible to demonstrate that the system is bidirectional and that in all

cases, the control system works correctly.
Keywords:
Transformer, Non-linear controller.

1. Introduction

Since the end of the famous ” War of Currents” from
around 1891 that AC systems developed and ex-
panded very quickly into a centralized, radial sys-
tem, as shown in the leftmost diagram of figure 1 [1].
However, technological advances and the inclusion
of new elements in the network lead to rethinking
whether the present architecture is still adequate or
not. [1].

Over the years, there has been an evolution in
the typology of loads. Conventional AC loads, such
as some home appliances, are gradually changing
and instead of having only one AC motor, they
are also starting to include an AC/DC converter to
minimize consumption and consequently save en-
ergy [1, 2]. Furthermore, in our daily life, we are
increasingly surrounded by DC loads, whether at
home, in the office, or on the street, which leads to
the need to include AC/DC converters to connect
these loads to the AC grid [2, 3].

In recent years, there has been an increase in re-
newable energy sources, which has made the system
decentralized and the power flow in the distribu-
tion network is now bidirectional, as presented in
the second diagram of figure 1 [1]. Besides, some of
these sources are operated in DC or have a DC in-
termediate link, so they can be directly connected
to a DC grid [1, 2, 3]. It then appears that the
inclusion of renewable sources and the change in
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Figure 1: Evolution of network architecture (based
from [1] and the icons are from [4]).

load typology has increased system losses due to the
need to include several AC/DC or DC/AC convert-
ers [1]. Therefore, this paper proposes an isolated
and bidirectional AC/DC matrix converter, that al-
lows connecting a low voltage single-phase AC grid
to a DC grid, as presented in figure 2. Consequently,
it is possible to reduce the number of converters,
increasing the overall efficiency of the system. The
proposed system is composed of two matrix con-
verters, a High-Frequency Transformer (HFT), and
a DC/DC step-up converter.

The paper, besides presenting all the elements of
the system and performing their sizing, also pro-
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Figure 2: Solution proposed: an AC/DC hybrid
system (based from [1, 3] and the icons are from

[4])-

poses a non-linear control system to ensure that
the disturbances caused by the conversion system
are minimal.

This paper is organized as follows: this section
is the introduction. In section 2, the model of the
bidirectional and isolated AC/DC matrix converter
is presented, which includes a detailed study of the
proposed system, and the sizing of its filters. In
section 3, a non-linear control system based on the
backstepping and sliding mode control theories is
presented. In section 4, the simulation results are
presented considering different scenarios. In sec-
tion 5, the conclusions of the work accomplished
are presented.

2. Proposed Solution

Selecting an appropriate typology for a converter
is crucial to achieving all the proposed require-
ments [5]. Figure 3 presents the conversion system
proposed in this article, which aims to connect a
single phase of the low voltage AC grid to a DC
grid.
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Figure 3: Proposed system diagram.
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The elements that form the system are an
AC/AC matrix converter that has the purpose of
increase the frequency of the AC grid voltage to the
switching frequency of the system, an HFT that en-
sures galvanic isolation, and also an AC/DC matrix
converter and a DC/DC elevator converter, which
together have the function of converting the high
frequency AC voltage into a DC voltage.

2.1. High-Frequency Transformer

Since the introduction of AC systems in 1887, the
magnetically coupled transformer has become an es-
sential asset in the electrical grid [6]. Besides, tech-
nological advances in recent years have allowed the
development of power electronic converters and the
improvement of semiconductor technology [7]. As a
result, multi-functional equipment has been created
for applications in low voltage networks [7]. There-
fore, the HFT is expected to be able to replace the
conventional 50/60 Hz transformer [7].

The HFT generally has a work frequency range
from several kilohertz to hundreds of kilohertz
and, compared to the conventional 50/60 Hz trans-
former, has more advantages [8]. Because besides
being galvanically insulated and having the capac-
ity to reduce/increase the voltage value, it also al-
lows intelligent energy management, power quality
enhancement, low weight, low volume, and high en-
ergy density [9, 10, 11].

2.2. Matrix Converter

The name ”Matrix Converter” (MC) appeared in
1980, when Venturini and Alessina developed the
matrix converter, presenting the power circuit of
a converter as a matrix of bidirectional power
switches [12]. Meanwhile, the interest in this tech-
nology has been growing with the technological de-
velopment that has allowed to create zones of op-
eration at high frequencies and, at the same time,
relatively low driving voltage drops [11, 13].

This technology stands out from the rest due
to its several advantages, such as allowing a bi-
directional power flow and presenting a high effi-
ciency, which can reach 98% [11, 14]. Moreover, in
contrast to other converters, it provides a reduction
in volume and cost since it does not have an inter-
mediate DC link, it does not need to have DC bulky
electrolytic capacitors [11, 13].

Figure 4a shows the model to be used in the sys-
tem matrix converters, a single-phase matrix con-
verter formed by four bidirectional switches. Theo-
retically, this type of converters should allow 24 con-
nection combinations [13]. However, it is necessary
to consider the restrictions of the typology, that is,
voltage sources should not be short-circuited, and
current sources should not be left open [12, 13].
Consequently, this system only has four possible
combinations [13].

Moreover, figure 4b presents the architecture de-
fined for the switches, the common-emitter anti-
parallel Insulated Gate Bipolar Transistor (IGBT),
diode pair. In this way, the diode provides the
switching module the reverse blocking capability,
while the IGBT guarantees high-frequency switch-
ing capabilities [14].



Figure 4: (a) Graphical representation of a single-
phase MC (adapted from [11]); (b) Graphical repre-
sentation of a bi-directional switch module (adapted
from [11]).

Each bidirectional switch can be mathematically
defined by a variable Si;, assuming ideal semi-
conductors, which can assume two possible states:
7Sk; = 17 if the switch is ON and "S; = 07
if the switch is OFF, as presented in the expres-
sion (1)[11, 13].

1
S/Cj:{ 0

Therefore, and considering that the system con-
verters have a current source based conversion sys-
tem, the possible switching states are those shown
in table 1.

,if switchisON k € {1,...,m}

,if switchis OFF j € {1,...,n} (1)

State Sy;1 Siz S21 S22 Vour
1 1 1 0 0 1 Vi
2 -1 0 1 1 0 —Vin
3 0 1 1 0 0 0
4 0 0 0 1 1 0

Table 1: Matrix converters’s switching states.

As previously mentioned, the proposed solution
contains two matrix converters. However, they
perform different functions in the system, so the
switching strategy for each one is different. Next,
the strategies chosen for each case are presented.

2.2.1 AC/AC Matrix Converter Switching
Strategy

The goal of the AC/AC matrix converter is to con-
vert a sinusoidal sign with a frequency of 50 Hz
into another signal with the same amplitude but
switched at 50 kHz. Therefore, the switching strat-
egy to be applied is the full-wave command.

The full-wave command is a two-level command,
where the switch pairs Sy1, Sos, and Si, So1 are
commanded in a complementary manner [13]. That
is, during T/2, the switches S1; and S are com-
manded to drive, while S75 and S2; are commanded
to cut-off. And, during the other half-period, S

and Sy are set to drive, while S7; and Soo are set
to cut-off [13].

2.2.2 AC/DC Matrix Converter Switching
Strategy

The AC/DC matrix converter aims to convert the
current on the secondary side of the HFT into a syn-
chronous, rectified sinusoidal current with the AC
network. Although using the full-wave command
as a switching strategy is not enough because it is
crucial to recover the signal from the AC network
voltage to have a bidirectional flow.

Consequently, it is necessary to apply a modified
full-wave command. So, during T /2, the command
signal is the same as described in the previous sec-
tion and used in the AC/AC MC, whereas in the
other half-period, the command signal is the sym-
metric of the previous one.

2.3. Step-Up Converter

The step-up converter, also known as a boost con-
verter, is a type of DC/DC power converter, which
allows raising the input voltage. Figure 5 shows the
diagram of the model of the converter to be used.
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Figure 5: Diagram of the boost converter (adapted
from [15]).

Considering a steady-state operation and the
Continuous Conduction Mode (CCM), the average
value of the voltage in inductance is zero (vp, qp =
0), and it is possible to calculate a relationship be-
tween the input and output voltages present in the
expression (2) [15].

E:mﬁvx:(l—(g)vo

(2)

2.3.1 Sizing of L

Assuming the differential equation that describes
the progress of the current in L and linearizing
the variation of the current, we obtain the expres-
sion (3).

vL = 7=>AZL=UfL (3)

When S is ON, it is possible to consider vy, = vy,
and At = 0Ts, and this way, define the value of



the inductor current ripple, Ai;. By setting the
Aiy, value, it is possible to dimension L through
the expression (4).

V(1 — 6)0T,

L=
Aig,

. Vg
Aip, = — 6T, = (4)

However, the expression (4) can be simplified by
expression (5) when V, is constant, and this is the
expression used to size L.

V, T, 1
1AL, when § = 5 (5)

if Vo =const = Lpae =

2.3.2 Sizing of C

Similar to the current of the iy, the voltage varia-
tion of the capacitor can also be linearized, which
is defined by the expression (6).

AV, ¢

d uc
=2 (6)

e =0 = A

Furthermore, AV, can also be described by ex-
pression (7).

AQ 1 ([T
A = — = — |
Vo - C /31 ic(wt) dwt (7)

Performing a mathematical analysis of the sys-
tem and neglecting the losses of the converter, it
is possible to define the i¢ and i, currents based
on the AC and DC network power. From these de-
ductions, it is possible to rewrite expression (7) by
expression (8).

=

T wC

1,
AV, 2

=300 [sin(2wt)]

(®)

N

Finally, the expression (9) is obtained, which al-
lows us to size the capacitor C by setting the value
of the V,, voltage ripple, AV,.

I, b,

C:wA%:w%A%

9)

2.4. Constant Power Load

Controlling a DC network presents several chal-
lenges, one of the most important being the require-
ments of the power electronic loads [2]. In gen-
eral, these loads behave as Constant Power Loads
(CPL) because, they absorb a constant power, i.e.,
dP.,; = 0 in steady-state [2, 16]. Since dPy is
equal to zero, it is possible to derive (10) and to
conclude that, as a result of the power being con-
stant, the load may be represented as a the negative
incremental resistance, r; [2].

dl,

Ocpl

dv,

Ocpl

dP.p =V,

Ocpl

+ Lo, =0&

o= decpl/dIOCpl = *VOCPl/I%pz =r;

(10)
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Figure 6: DC grid and Constant Power Load con-
figurations.

By analyzing the relation present in expres-
sion (10), it is possible to verify that if the volt-
age at the CPL input decreases then the current at
its input increases. Therefore, the presence of CPL
can cause a decrease of the equivalent resistance of
the system, oscillations in the system voltages and
currents and may also lead to voltage collapse [16].

A CPL load can have several topologies, al-
though, in this paper, the CPL consists of a buck
converter with an input filter, as shown in figure 6.
Besides, the CPL has its control system, which is
explained in section 3.

2.4.1 Step-Down Converter

Step down converters,also known as buck convert-
ers, are used whenever it is necessary to reduce a
given DC voltage to a lower value [17]. The step-
down converter can be implemented by the circuit
present in figure 7 [18].
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Figure 7: Diagram of the buck converter (adapted
from [18]).

Considering the operation in the steady-state and
the CCM operating mode, it is possible to assume
the relation between V, and V;,_, stated in expres-
sion (11).

Vo
al _ 5V,

V/ Ocpl = VC; 6
o

(11)

The next step consists of sizing the elements of
the converter. In the case of Ly, the procedure is
similar to the one used in the boost converter, in
section 2.3.1. Therefore, expression (12) presents
the formula used to size L.



if Vo, = const =
(12)

Vo  Te
oo T
Lepimas = R ) when 6 =0

cp

To size the Cyp, it is considered that it is almost
constant and that AV, , < V,_,, and then the
variation of the load, AQ), is defined. After several
algebraic manipulations, it is possible to derive C¢p;
through (13), and for this, it is necessary to fix the

value of the V,,_, voltage ripple, AV,

Ocpl *

if Vo., = const =
v (13)
OC 1 s
Ccpl mar — SLicplpAVn ; when 6 =0
cp

Figure 8 shows the input filter scheme to be im-
plemented before the CPL to reduce system distur-
bances and oscillations [19].

Figure 8: Diagram of the input filter (adapted from
[19]).

Nevertheless, to achieve the objectives, it is nec-
essary to size the filter correctly. Therefore, the first
step consists of defining the transfer function of the
system, presented in expression (14) [19].

1 (gLe
= o (5 1) (14)

[Ly

(o
2 f 1 1
§ 5( Ry ) \/ C;L; T CsL;s

RpTr;

To minimize the influence of the transfer function
zero, the real zero —IL?—';: should be placed to the left
and as far as possible from the real part of the conju-
gated pole, —Cw, [19]. In this way, expression (15),
which relates R to the characteristic impedance of
the LC filter, Zy = \/Ls/CY, is deduced [19]. Hy

is a positive constant greater than or equal to 1.

——= < —Cw. e Ry >(Zy = Ry = Hy(Zy (15)

After some algebraic manipulations and once the
stability of Routh-Hurwitz is guaranteed, it is pos-

sible to define Ry by expression (16) [19].

Ry~ 2L 7, <) 2cr | (16)
2¢
On the other hand, Z; can be defined by expres-
sion (17), assuming that H is equal to 1/3¢2 [19].
Zp = —¢rs (17)
Regarding the cut-off frequency, f., it must be
at least one decade above the AC grid frequency,
f, and one decade below the switching frequency,
fs [11]. Moreover, the value of the damping fac-
tor, ¢, must be between 0.5 and 0.7 [19]. In fact,
fe should be a decade above the double of the AC
grid frequency, because during the conversion pro-
cess the voltage is rectified. Finally, the L. and Cf
elements can be sized by the definition of Z;, as
the f. and Z; values have already been previously
established.

3. Control System Design

For the system to work duly, it must be ensured
that it is suitably controlled. The control system
proposed in this paper is a non-linear system and
includes two controllers with two loops. The outer
loop is the voltage controller, which is based on the
backstepping theory and defines the reference for
the current iz, I, rcf. On the other hand, the inner
loop refers to the current controller, which is based
on Sliding Mode Controller.

3.1. Backstepping Voltage Controller

The goal is to guarantee V, = V,,.f. There-
fore, the first step consists of defining the V, volt-
age error, ey,, as the difference between the refer-
ence signal, V,,.¢, and the measured voltage V,
(ev, = Vorer — Vo). To ensure ey, to be zero, the
Lyapunov function, Vi, in (18), is proposed.

2

1 e
Vl(evo) = *6V02 + K %, Kr>0

5 (18)

Where K is a chosen positive constant, and ey
represents the integral error, (6] = fot ey, dt = O).
With this integral component it is possible to guar-
antee a zero static error.

Since, expression (18) is a Lyapunov’s func-
tion, the following restrictions must be fulfilled:
i) Viley, = 0) = 0; ii) Vi(ey, # 0) > 0; iii)
Vi(lev,| — 00) = oo; iv) Vi(ey, # 0) < 0 [20].

Regarding the stability condition
<V1 (evo #* 0) . V1 (6VO #* 0) < 0), the
second method global asymptotic stability is given
by expression (19) [2].

Lyapunov

Vlzevo 6{/O+K]€[€Vo <0 (19)



_ The expression (20) provides a new definition of
V1 to ensure the condition indicated in the expres-
sion (19).

Vi=-Kyey? K,>0 (20)

By considering the diagram in figure 5 and the
previous definitions of ey, and ey, it is possible to
deduce expression (21).
iL - Io

C

By replacing iy, with i ,.r in expression (21), it
is possible to obtain the new reference value for the
current present in expression (22). This expression
does not include the term referring to the V¢
time derivative since this is the reference voltage of
the DC grid voltage, and its time derivative is null.

irref = C(Kyey, + Krer) + 1, (22)

éVa :Voreff :7KU€V07K[€[ (21)

From (22), it can be seen that the reference value
for the current depends on the error of the voltage.

Remembering that the desired waveform for the
iy, current is a rectified sinusoid and synchronous
with the AC grid, it turns out that the previous
control law is not enough to provide the desired
wave. Therefore, the proposed solution consists of
multiplying the reference value obtained by the ex-
pression (22) by a rectified sinusoid, with maximum
unitary amplitude and synchronous with the AC
network.

3.2. Sliding Mode Current Controller

The next step in the control system development
consists of setting the non-linear current controller.
The proposed solution consists of controlling the
semiconductor S through the signal coming from a
hysteresis comparator. Therefore, expression (23)
describes the operation of the boost converter.

1 if SON then, vy = v,
Y= 0

(23)

if SOFF then, vy = v, — V,

The goal is to guarantee i, = i, cf, SO the if
current error, e;,, can be defined as the difference
between the reference signal, iy .y, and the mea-
sured iy, current (e;, =ir rey —ir). Besides, e;, is
also defined as the linear surface variable in time,
s(z), thus being possible to apply the sliding mode
controller [21].

Considering vy, = Ld;tL and remembering that
Vi, > vy, it is possible to deduct the expression (24).

divrfar >0

dirfar < 0 (24)

VL, = Vg =

{ Vg =V — Vo =

To ensure stability, the function s(z) must

guarantee the sliding mode stabilitycondition,

s(x) $(x) < 0 [22]. Therefore, it is possible to infer
the relations present in expression (25).

. de,- ) d‘re
{ ife;, >0= "ok < 0= 4L > Sthrel

ife;, <0= "L >0= 4L < dzzt”f

However, the expression (25) need to be adapted
to make the system physically feasible. Therefore,
the new purpose of the controller is to ensure that
the error is within a boundary layer, —A/2 < e;, <
A/2 [21, 22]. So, the expression (25) is replaced by
the expressions (26) and (27).

if €i; > +% =i < iLref

then, i, /= 4L > 0= SON(y=1) (26)

if €, < —% =17 > iLref

then, i, \,= 4L < 0= S OFF(y = 0)

(27)

Finally, figure 9 shows the diagram of the pro-
posed control system, where it presents all the ele-
ments mentioned above.

Control
signal

Legend:

Measured value
D Value to be sized

Value to be chosen

Figure 9: Block diagram of the control system.



3.3. Constant Power Load Control System

To control the CPL, the choice is identical to the
previous case, so the deduction from the control
laws is very similar to the one made previously.
Therefore, this paper only presents the final control
laws. Expression (28) introduces the intermediate
control law, which defines the reference of the iz,
current, and expressions (29) and (30) include the
control law to the S, semiconductor.

iLCPl ref = Ccpl (Kvév"cpl + KIeIcpl + eVO L) +IOCPZ
(28)
if €ir, . > +A = ichl < ichl ref then, (29)
dir,
ZLFP,/‘=> Cpl >0:>ScplON( )
if €y, " < _é = /Z:Lt,pl > ich”ef then, ( 0)

iDLy \:> C”’ < 0= S OFF(y=0)

4. Simulation Results

This new chapter presents the parameter values and
the results obtained in the simulation of different
operation scenarios to analyze the system behav-
ior. The cases considered in simulation differ from
each other by the operating conditions of the DC
grid, and all the simulations were performed using
Matlab’s Simulink tool.

4.1. Simulation Parameters

Table 2 shows the parameters of all the system el-
ements used in the different scenarios. The data
from the CPL refer to the third case study.

Table 2: Simulation parameters of the all system
elements.

AC Grid Vims 20 V| Lcerid Vo rer 400 V
f 50 Hz P, 2 kw
fs 50 kHz fe 1 kHz
Ve 230 V e 0.6
v, 230 V E-% R; 5 Q
B, 2 KVA - Ly 8.594 mH

HFT Rri,Rrs 0.106 Q) CPL C.:'f 2.947 UF
Lri,Lr» 1587 UH Air,, 10% ULy
R 5290 MQ LEAVe, 1% Vo
L, 2846 H é% Ly 18.0 mH
Aiyp, 10% ir, S| Co 0.278 mF

Boost | AV, 1% Vo Repi 80 0

Converter|[ [, 23 mH
c 3.979 mF

Regarding the control system, it is necessary to
set the values for K, and K gains so that it is pos-
sible to incorporate the control system in the sim-
ulation. However, the only restriction imposed on

these gains so far is that they both must be positive
constants.

After performing several tests with different val-
ues of K, and K7, the best values are K, equals 80
and K; equals 20e3, being these the values used in
the simulation.

4.2. Study Scenarios
This section presents the main results obtained in
the four scenarios considered.

4.2.1 DC Grid with a Single Resistive Load

In this study case, the DC grid is represented only
by a resistive load equal to 80 €2. The main re-
sults are represented in figure 10, where figure 10a
includes the AC grid results and the figure 10b in-
cludes the DC grid results.
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Figure 10: Simulation results in case 1.

By analyzing the graphs, it appears that the re-
sults are in line with expectations. In the case of
the AC grid, voltage and current are in phase, and
they have a sinusoidal waveform, as desired. On
the other hand, the DC grid results indicate that
voltage V, is approximately constant and follows its
reference value, which is equal to 400 V. As already
mentioned in section 2.3.2, the V, voltage always
presents a small ripple due to the high-frequency
switching. However, this ripple does not exceed the
value set in table 2, so the conclusion is that it has



an acceptable value, and it confirms that the results
are as expected.

4.2.2 DC Grid with Two Resistive Loads in
Parallel

The second case presents the DC grid characterized
by two resistive loads in parallel (R; and Rs), both
equal to 160 2. The simulation starts only with
Ry connected, and only at time instant, ¢; (0.5 s),
load Ry is connected. The results for the AC grid
and the DC grid are shown in figures 11a and 11b,
respectively.

Case 2: AC Grid Simulation v
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-300
7 072 o0

-400
0.

|
[ o

VYW

scale factor = 20
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(a) AC grid: vgriq in blue and 44,4 in orange.
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(b) DC grid: V, in blue and I, in orange.

Figure 11: Simulation results in case 2.

After the second load is connected, the current
values increase, as expected. From this moment on,
the system goes through a short transient before
reaching the steady-state, observed in figure 1la,
where it is visible that the current and voltage have
the intended sinusoidal waveform.

Once again, the DC voltage presents a small rip-
ple, which does not exceed the value established in
table 2. Therefore, the system provides the desired
response.

4.3. DC Grid with a Constant Power Load
In this scenario, the DC network only has a CPL
with an input filter, as in figure 6, and, as in the

previous cases, figure 12 presents the simulation re-
sults of the AC and DC grids.
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Figure 12: Simulation results in case 3.

Analyzing the figure 12, we conclude that the sys-
tem continues to work correctly even with a more
complex configuration of the DC network. That
means that after the initial transient period, it is
verified that on the AC side, the waveforms are si-
nusoidal, and on the DC side, the waveforms are
approximately constant. Therefore, the signals to
be controlled successfully follow their references, in-
cluding the signals from the CPL control system.

4.4. DC Grid with a Current Source

The last study scenario aims to show one of the
main characteristics of the system already men-
tioned, the bidirectional power flow, that may result
from the connection of a renewable power source, as
a photovoltaic (PV) system, to the DC grid. In this
way, a current source is added to the DC network to
observe the change in the direction of the current,
compared to the previous cases. Therefore, the DC
grid now consists of a parallel current source with
a resistive load, R,, where R, is equal to 802, and

the current source, Ip¢ is defined with a value equal
to 21,, i.e., 10 A.

As in the previous cases, the simulation results of
both networks are presented below in figure 13.
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Figure 13: Simulation results in case 4.

Analyzing figure 13, it is clear that the new re-
sults are different from previous ones. In this case,
the voltage and current of the AC grid continue to
present sinusoidal waveforms but are no longer in
phase. They are now out of phase, which indicates
that the current has changed direction. Therefore,
it has been possible to show that the system allows
bidirectional power flow.

DC network results are another indicator that the
system is bidirectional. Because although both sig-
nals are approximately constant, it is verified that
the current has a negative value, meaning that the
current flows in the opposite direction compared to
the other scenarios.

5. Conclusions

This article focuses on the study of a single-phase,
bi-directional, and isolated AC/DC converter that
allows connecting a low voltage AC grid to a DC
grid. In this way, it is possible to create a hybrid
network, that when compared to the existing AC
network, allows reducing the number of conversions
and consequently increase the overall efficiency of
the system and reduce its losses.

After a detailed study of the proposed system,
the components of the various elements are sized,
and the command signals of the matrix converters
are defined, considering the role each one has in the
system.

A non-linear control system is developed to en-
sure that the conversion system does not create

disturbances in the AC and DC networks. This
controller is based on the backstepping and sliding
mode control theories.

Through the analysis of the results of the simula-
tions, we realize that the proposed solution presents
an adequate response in different scenarios. The
conclusions reached in the first three cases are iden-
tical and confirm that the system meets the require-
ments imposed on it. This means that both the
voltage and the current of the AC grid present sinu-
soidal waveforms and without disturbances, as was
desired. On the other hand, the current and volt-
age of the DC grid have approximately constant
waveforms, and there is a small ripple considered
acceptable. The last scenario has a specific objec-
tive, to show that the system is bidirectional and
the results prove that.

Although the proposed system achieves all the
proposed objectives, this system can still be im-
proved. Therefore, it is suggested that for future
research, it would be interesting to develop a model
more complex and closer to reality. An another
improvement would be to build a prototype in the
laboratory and therefore conduct a more reliable
evaluation of the system. Finally, it is suggested
that an economic evaluation of the proposed solu-
tion be conducted because besides having a system
that presents successful results, the project must be
economically viable.
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