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Abstract: This paper presents an analysis and simulation of the mathematical model associated to
the DC/DC Boost converter—full-bridge Buck inverter system to regulate the voltage output of the
DC/DC Boost converter allowing bipolar voltages higher than the input voltage via the full-bridge
Buck inverter. To validate the model, the differential flatness property is applied via the flat outputs
of the system (energy for the DC/DC Boost converter and the voltage of the full-bridge Buck inverter)
considering the complete dynamics, in conjunction with fixed and time-variant trajectory planning. In
the simulation results, it is observed that the error signals of the states versus the reference trajectories
are acceptable. Regarding the validation of the model, this is performed with open-loop simulations
at the circuit level using the SimPowerSystems Toolbox of Matlab-Simulink. The simulation results
validate the good performance of the system under study. In this way, the main contribution of this
work is that for the first time in the literature, the analysis of a complete dynamics for a conversion
system from DC to AC without the use of a transformer and taking advantage of differential flatness
is reported; thus, the system analyzed could be represented as an alternative in applications of
renewable energies that require conversion from DC to AC.

Keywords: DC/DC boost converter; differential flatness; energy; full-bridge Buck inverter; simulations

1. Introduction

DC/DC power converters are electronic circuits associated with the conversion, con-
trol, and conditioning of electrical energy. The conversion from DC to AC using such
converters constitutes a sub-area in the field of power electronics. Therefore, the conver-
sion is widely used in various industrial applications including uninterruptible power
supplies [1-3], AC motor drivers [4-6], and others, such as renewable energies [7-9].

In relation to renewable energies, many research works have reported the use of the full-
bridge Buck converter topology [10-19], Boost converter [20-22], and Buck-Boost [23-25]. On
the other hand, the concept of differential flatness comes from differential algebra for dynamic
and control systems. Differential flatness has been studied in various fields of engineering such
as robotics; control processes; aerospace systems; optimization systems; and trajectory planning
in linear, nonlinear, and infinite dimensional systems described by delay differential systems
and controlled partial differential equations with boundary conditions [26]. The main feature of
differentially flat systems is that the input and state variables can be rewritten in terms of a set
of variables, known as flat outputs, and a finite number of their successive derivatives without
integrating the underlying differential equation. In this direction, the works that report the use
of differential flatness focus on DC/DC converters; for example, in [27], the authors report
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a control method for Maximum Power Point Tracking (MPPT) based on the differential
flatness property of the DC/DC Boost converter. The approach uses a classical trajectory
tracking control based on differential flatness, defining a reference voltage in terms of the
maximum power provided by the PV panel. Similarly, in [28], the authors present the
design of a control method for the voltage regulation and trajectory tracking tasks of a
DC/DC Boost converter via the energy stored by the converter; the proposed approach
exploits the differential flatness property of the system. On the other hand, regarding
DC/DC converters as driver for DC motors for the unidirectional angular velocity tracking
task the following work are described, for example in [29] the authors reported a system
of a Buck converter that feeding a DC motor, with the purpose of solving the angular
velocity tracking task, the authors have designed a two-level hierarchical control based on
sliding-PI modes for the Buck converter and differential flatness for the DC motor, being
the flat output the voltage and the angular velocity of the Buck converter and DC motor,
respectively. The authors in [30] used a recursive approach in which the differential flatness
properties are applied to synthesize a controller that guarantees the closed-loop asymptotic
stability of a Buck converter connected to a DC motor. In [31] they propose a two-level
hierarchical control for a DC motor powered by a Cuk converter, the control is divided into
two parts: the first one associated with the mathematical model of the DC motor to design
a robust control by using the differential flatness property for tracking angular velocity
trajectories, the second part was the independent control, based on cascaded sliding-PI
modes for the Cuk converter which allows the converter output voltage to follow the
specific voltage trajectory. Related to DC/DC converters as a driver for DC motors for the
bidirectional angular velocity task and concerning the validation of mathematical models
through the differential flatness property different research works have been published
such as: DC/DC Buck converter-inverter-DC motor system [32], in the DC/DC Buck
converter subsystem the flat output is the voltage; the DC/DC Boost converter-inverter-DC
motor system [33], the flat output is the energy that stores the DC/DC Boost converter; the
“DC/DC Buck-Boost converter-inverter-DC motor” system [34], the DC/DC Buck-Boost
converter subsystem energy is the flat output; and, on the other hand in [35], they present
the validation of the mathematical model associated with the “full-bridge Buck inverter-
DC motor” system, the differential flatness property associated with the mathematical
model is exploited for all the system variables. In the works reported in [32-35] the flat
output associated with the DC motor is the angular velocity, among others. In addition,
other research works have reported the use of the differential flatness property for the
task of bidirectional angular velocity control [36-39]. For example, in [36], the authors
developed a robust hierarchical control for DC/DC Buck-Boost-inverter-DC motor system
based on deferential flatness, in [37] was designed a robust control for “MIMO DC/DC
Boost converter-inverter-DC motor” system, such robustness is achieved by exploiting the
differential flatness related to the system. Also, in [38] is reported a passivity-based control
to solve the angular velocity task in the “full-bridge Buck inverter-DC motor” system, the
reference trajectories are obtained through the differential flatness exhibited by the system.
Finally, in [39] was presented a robust control based on the differential flatness strategy
for the “full-bridge Buck inverter-DC motor” system, for the trajectory tracking task.
Moreover, full-bridge DC/AC has been widely used in mechatronic energy systems, such
as photovoltaic systems, vertical axis wind turbine systems and hybrid electric vehicles,
among others. Also, it is important for the operation and efficiency of the use of renewable
energy systems and their interconnection with the power grid to ensure operation and
overall sustainability. The requirements for high performance DC/AC converter systems
are generally based on the following criteria: (1) Output voltage waveform with low total
harmonic distortion (THD). (2) Fast transient response in case of sudden load change.
(3) Steady state errors should be as small as possible. For instance, in a photovoltaic system,
the essential function of the full-bridge DC/AC allows the conversion of a DC voltage
produced by the PV array and a sinusoidal AC power output with controllable magnitude
and frequency. A single-stage DC/AC converter converts DC to AC without the need for
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an intermediate stage. A two-stage DC/AC converter is structured by a DC/DC converter
plus a DC/AC converter. The first stage DC/DC converter supplies the maximum power
processed by the maximum power point tracking algorithm to the second stage DC/AC
converter and also regulates the DC voltage. Therefore, whether it is a single-stage or two-
stage DC/AC converter, the closed-loop circuit control technology should be employed
to produce a high-quality DC/AC converter output voltage even under nonlinear loads.
In this direction, with the purpose of solving the assignment of DC to AC conversion via
DC/DC power electronic converters, and in conjunction with the use of differential flatness
this paper performs the analysis and validation of the DC/DC Boost converter—full-bridge
Buck inverter system, which is represented by two-stage DC/AC converter, with stage
1-Boost converter and stage 2-the full-bridge Buck inverter. It is worth considering, on the
other hand, that the full-bridge Buck inverter is generally the most used to perform such a
conversion; one of the characteristics of this topology is that the output voltage is always
lower than the input voltage. When an output voltage higher than the input voltage
is required, one option is to couple a step-up transformer to the output of the converter.
However, this type of design leads to some drawbacks since the transformer adds dynamics
to the system, such as non-linearity of the transformer, resistances, and parasitic currents,
among others, causing an increase in the size and weight of the converter circuit. According
to [40], a design alternative that does not involve a step-up transformer is to use a DC/DC
Boost converter between the DC power supply and the full-bridge Buck inverter. DC/DC
Boost converter is widely used in applications where the output voltage must be higher
than the input source voltage, however controlling the DC/DC Boost converter presents
greater challenges than controlling the DC/DC Buck converter, where the output voltage
is lower than the input source voltage. Other problems in controlling the DC/DC Boost
converter lie in the fact that it is a non-linear system [27,28], this stems from the fact that it
has interconnected state variables, and its input disturbances and/or system parameter
variations. DC/DC Boost converters also exhibit the non-minimum phase phenomenon
with the output voltage and current having different phase characteristics. The control
input appears in both the voltage and current equations and is therefore more difficult
to control.

To the best knowledge of the authors—regarding the configuration of a DC/DC Boost
converter between a DC power supply and full-bridge Buck inverter—at the moment, only
a two-level hierarchical control has been reported by Biel et al. [40]. The authors designed
a control for the high level associated with the DC/DC Boost converter, while for the low
level associated with the full-bridge Buck inverter they used another control, with both
controls based on sliding modes.

Motivation and Contribution

Following the objective of DC to AC conversion presented in [40] and motivated by the
differential flatness property used in: DC/DC Boost converters [27,28], DC/DC converters as
drivers for DC motors for the unidirectional angular velocity tracking task [29-31], validation
of mathematical models of DC/DC converter as drivers for DC motors for the bidirectional
angular velocity task [32-35] and controls for the bidirectional angular velocity tracking task
via DC/DC power electronic converters [36-39] and with the goal of obtaining more efficient
conversion systems in renewable energy applications the DC/DC Boost converter-full-bridge
Buck inverter system is considered as a fundamental part of the analysis in this work. Hence,
the contribution of this work is to analyze and validate the mathematical model of the DC/DC
Boost converter—full-bridge Buck inverter system under useful time-varying duty cycles
considering the complete dynamics of the system and not separately. For this, it relies on the
differential flatness property of the system.

The work is organized as follows: In Section 2, the mathematical model of the DC/DC
Boost converter—full-bridge Buck inverter system is described. The simulation results are
described in Section 3. The conclusions are presented in Section 4.
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2. DC/DC Boost Converter-Full-Bridge Buck Inverter System

In this section, the mathematical model of the DC/DC Boost converter—full-bridge
Buck inverter system is presented. In addition, the differential parameterization associated
with the model that allows generating the reference trajectories is presented.

2.1. Generalization of the System

In Figure 1, the electronic circuit of the DC/DC Boost converter—full-bridge Buck
inverter system is presented, which consists of the following subsystems:

e DC/DC Boost converter. E is the power supply, u; is the input ON/OFF for the
transistor Q1, a current iy flows through the inductor L1, and D is the diode. v; is the
output voltage of the converter associated to the terminals of the capacitor C;, and it
will be the supply for the full-bridge Buck inverter.

e Full-bridge Buck inverter. Here, 11, and u; are the inputs that turn ON/OFF the four
transistor arrays Qa, Q,, Q3, and Q3, where the functions of Q,, Q3 complement Q,,
Qs, respectively. In this way, it is possible to invert and modulate the direction of the
current flow i and the voltage v, for the low-pass filter circuit with its inductor L,
and capacitor C.

— U1 o Co—= R§U2

[/
+ ® b 2

+E2—|E —UZ—|E

Figure 1. DC/DC Boost converter—full-bridge Buck inverter system.

The average mathematical model of the DC/DC Boost converter—full-bridge Buck
inverter system, according to [40], is described by

di

Ll?? = _(1 - ulav)vl + Er (1)
dv . .

C17; = (1 — u1a0)i1 — I2UU2q0, )
di

deff = U1lUpgp — U2, 3)
dv2 . [%)

CZW =12 — R’ 4)

where u1,, € [0,1) and up,, € [—1,1] correspond to the average inputs of the DC/DC
Boost converter and the full-bridge Buck inverter, respectively. The other parameters and
states (1)—(4) were described previously.

2.2. Generation of Reference Trajectories

In this section, the differential parameterization of the average system ((1)—(4))
is described.
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According to [33,41], the flat output of the Boost DC/DC converter is the energy, i.e.,

_1

I —
152

(Lyi% + C1v7). 5)

Meanwhile, (3) and (4) describe the dynamic behavior of the DC/DC Buck converter.
According to [42], the flat output for the subsystem (3), (4) is vy,

FZ = U»p. (6)

After carrying out the differential parameterization of the system F; and F, in terms of
the flat output, it results in

e
L ;
h =z (7)
1 L 1/2
U1 = |:C1 (2F1 — Eétxz)] P (8)
ih=Ch+ %/ )
v =5, (10)
1 di,

=1—-——|(E—-L{— 11
Ulao Ul( 1 dt )r ( )

1 di
Upgy = o (detz + F2>, (12)

with
: . F . F
o =F + <C2F2 + R2> l:Lz <C2F2 + R2> + F2:| .

Note that the new representation of the average system, i.e., (7)-(12), called differential
parameterization, has been rewritten in terms of Fj, F, and its successive derivatives.

After replacing F; and F, for £* and v3, respectively, in (7)-(12), the reference trajecto-
ries are generated, which are i, v}, i3, uj ., and u3, ; these are determined by

it = (13)
1 L 172
vl = & (25* - E;”‘zﬂ , (14)
. vx
iy = Cous + ﬁ (15)
vy =B, (16)
1 dit
uizv:l_v*<E_L1dt1>/ (17)
1
1 /. di}
Wy = 5 <L2dt2 + u;>, (18)
1

with

a=E +<C2U2+R> .

. Ul
Ly CZ”;""% —FU;

where £* and v; are the energy of the DC/DC Boost converter and the voltage of the full-
bridge Buck inverter, respectively. Thus, in this way, it will be possible to obtain through
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the simulation the dynamic evolution of the states of the system (i1, vy, ip, v2) along with
their corresponding reference trajectories (i}, vy, 73, v3).

<. ]l <
SR L 3

In Figure 2, a block diagram is shown that represents the system in open loop.

Generation of trayectories

1
1
|
1
|

*

1
1
o 3
A
1
* E3
! v
1
1
1
1

DC/DC Boost converter—

—_—————————

* * ;% -
U2 7 Vg b2 full-bridge Buck inverter system
- : " - 1
[
¥
i 1 dip\| v w1
u’{avzl (B = L1 ) e [PV 1t
1 dt |

1 di’ Ug U]
UZGUZE(%—”US) — [P =

* R ——

Figure 2. Block diagram for the DC/DC Boost converter-full-bridge Buck inverter system. In the

diagram, F; = £* and F, = vj are considered.

3. Simulation Results and Discussion

In this section, the circuit used to simulate and validate the mathematical model of the

DC/DC Boost converter—full-bridge Buck inverter system is described.

3.1. Block Diagram and Circuit

In Figure 3, the electronic diagram is presented, which was built in Matlab-Simulink

and is described with the following conditions:

DC/DC Boost converter—full-bridge Buck inverter system. The nominal values associated
with the DC/DC Boost converter parameters are

Ly =3mH, C; =33 uF, E=48V.

In order to obtain the parameters associated with the DC/DC Boost converter, the de-
sign data shown in Table 1 are proposed and the methodology described in [41] is also
taken into account; the parameters are listed in Table 1.

Table 1. Design specifications for the DC/DC Boost converter.

Description Value
Input voltage, E 48 (V)
Output voltage, vy 130 (V)
Output power, P, 200 (W)
Frequency, f 50 (Khz)
Ripple current, Aiy 5% of the value of ij
Ripple voltage, Avy 5% of the value of v;

The parameter values associated with the full-bridge Buck inverter are
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L, =3mH, Co =1yF, R =100 Q.
The parameters for the full-bridge Buck inverter are listed in Table 2.

Table 2. Design specifications for the full-bridge Buck inverter.

Description Value
Input voltage, vq 130 (V)
Output voltage, vy 120 (V)
Output power, P, 200 (W)
Frequency, f 50 (Khz)
Ripple current, Aip 5% of the value of ip
Ripple voltage, Avy 5% of the value of v;

DC/DC Boost converter—full-bridge Buck inverter system

|
F
o
—n
—o

E) . =
Q. j% Qs i% Continuf)us

Ideal Switch

—_ ] v )

Generation of trajectories and energy Signals to be plotted

‘ - 1

I PAWeH b || ED-EE-E |

K Blocks i e @] D e ] | I@"-I

! of : i31-(T] —uy |- !

I Simulink V3 Ueobedling] Papfuz,, TU2 I I ]
_z O~ [~ I

1 u2y, {iz, ) 2] | |

1 |

1 PWM b

Figure 3. Circuit diagram for the DC/DC Boost converter—full-bridge Buck inverter system.

*  Generation of trajectories and energy. In this block, the reference paths are programmed
with i}, v}, i3, uj,,, and u;, through the desired trajectories £* and v;, which are
selected by means of the polynomials of Bézier [43], as shown in the following:

Bézier Trajectories

EX(t) = Eilti) + [Ef(ty) —?i(fi)]ll)(f, ti, ff), (19)
03 (t) = O (t) + a7 (ty) = o) (1, i ), (20)
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with ¢<t, ti, tf> given by
0 t<t
(t;—_f;i)s x |252 1050 (£ )
p(bttr) = +1800<ftft?f)21575(%{

4 5
t—t; t—t;
+700<tf7t,-) flze(tﬂi)

1

where £* smoothly interpolates between initial and final energy [€ i(ti),?f(t )] in the
time interval [t;, ].

Since energy is not a state of the system, we decide to solve for i; in terms of Up;
after this consideration, the relations in equilibrium are obtained: £;(t;) and & ¢(tf).
Considering the system (1)-(4) in permanent state and solving for i1, we obtain

i = IZ—%E (21)
After substituting (21) in (5), the following static relations are found:
= 1 (RN 1
Ei(t) = 511 <R21§> + Eclv%i, (22)
2\ 2
Eflty) = %Ll (;2;;) + %clv%f. (23)

Similarly, the reference v5 smoothly interpolates between initial and final voltages
[U2i(t;), U2 (tf)] in the same time interval; moreover, in this block, the energy is re-
constructed & through (5). Finally, in relation to the PWM frequency, it is taken at a
constant 50 Khz.

3.2. Simulations Analysis

Regarding the simulation, using the electronic diagram built in Matlab-Simulink
and described in the previous section, in order to analyze the dynamic evolution of the
states of the system (i, vy, ip, vy) together with their corresponding reference trajectories
(if,vj,i3,v5) to validate the mathematical model for the DC/DC Boost converter—full-
bridge Buck inverter system, the simulation results obtained are presented in this subsection.
In Figures 4-9, the plots in blue color represent the simulations for the electronic diagram
while the results in red color correspond to the reference signals obtained by plotting (24)
to (28). The conditions for the simulations are described as follows:

Simulation 1. In this simulation, the parameters selected are vy; and vy; in f;, and Uy ¢
and v, f int r for £* and v3, given by

U1; =130V, Ty =120V, t; =0.04s
U1 =140V, Ty =-120V, t;=0.06s. (24)

The associated results for this simulation are shown in Figure 4. The tracking errors
are defined as ey, = v} — vy, €;; =i — iy, €y, = U5 — U, and ¢;, = i5 — ip.
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0 0.02 0.04 0.06 0.08 0.1 0 0.02 0.04 0.06 0.08 0.1
(b) (0)
— 1
i‘ — l--- Z; —U2qv
0.5
1
0
0
-0.5
-1 ‘
ts -1 t [s]

0 0.02 0.04 0.06 0.08 0.1 0 0.02 0.04 0.06 0.08 0.1 0 0.02 0.04 0.06 0.08 0.1

(e) ®)
0.1 =
s e
0.05
. s
0 0.02 0.04 0.06 0.08 0.1

(8
Figure 4. Simulation 1. Response of the system to (19) and (20) and the parameters defined by (24).
(a,b,d,e,g) are the results of the simulation correspond to variables vy, i1, Uy, ip, £ respectively, whereas
the results related to the reference variables are vj, ij, vy, i3, £*. Meanwhile, (c,f) are the inputs of the
DC/DC Boost converter and the full-bridge Buck inverter, respectively.

3 —
120> Ze = e,
15
60
: r‘
0 - 15
e ‘i
0 002 0.04 0.06 008 0.1 0 002 0.04 0.06 0.08 0.1
(a) (b)
120

60

-0.5
0 0.02 0.04 0.06 0.08 0.1 0 0.02 0.04 0.06 0.08 0.1
(©) (d)
Figure 5. Tracking errors related with simulation 1. (a) ey, = v} —vy; (b) e;; = i —iy; (c) ey, = V5 — Up;
(d) e;, = i5 —ip.
As can be seen in the simulation results presented in Figures 4 and 5, with the system
in open loop—i.e., not having a control algorithm that governs it—the DC/DC Boost
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converter—full-bridge Buck inverter and the system behave correctly; it can be observed
that the system reproduces the programmed trajectory with an error. Further, it can be
observed that the current consumption is not excessive and the inputs u1,, and 1y, are
not saturated.

Simulation 2. Now, the energy reference £* and voltage v; are determined by (19) and
(20) with the parameters Uy;, Uy;, t; and Uy, Upy, ty, selected as

U; =130V, Ty =-120V, t; =0.04s
Uy =140V, Ty =120V,  t;=0.06s. (25)

The results for this simulation are shown in Figure 6.

1

—Uigw

075 A |
0.5
0.25

t [s]

0 0
0 0.02 0.04 0.06 0.08 0.1 0 0.02 0.04 0.06 0.08 0.1
(b) (c)

120
60

0
-60
-120

v = — iy i
2 ) 2 2 0.5 —U2qv
0
0
| -0.5
t[s] t [s] -1 t [s]

0 0.02 0.04 0.06 0.08 0.1 0 0.02 0.04 0.06 0.08 0.1 0 0.02 0.04 0.06 0.08 0.1

(d)

(e) (f)
s e

0.05

0
0 0.02 0.04 0.06 0.08 0.1

(8
Figure 6. Simulation 2. Response to the system for (19) and (20) and the parameters defined by
(25). (a,b,d,e,g) are the results of the simulation correspond to variables v, i1, Uy, ip, £ respectively;
whereas the results related to the reference variables are v],i],v3,1i5, £*. Meanwhile, (c,f) are the
inputs of the DC/DC Boost converter and the full-bridge Buck inverter, respectively.

The simulation results shown in Figure 6, performed using Bézier trajectories of order
25, show good performance even if the system is in open loop, and it is observed that the
inputs u1,, and uy,, are not saturated.

Simulation 3. For this simulation, (19) is considered, where the initial and final energy
parameters are directly proposed, i.e., £;(t;) and gf(t ), given by

Ei(t;) =0.04],  E;(t;) =0.05],
t; = 0.04s, tr = 0.06.
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300
240
180
120

60

Meanwhile, v; is defined as
vy(t) =A sin<2;[t), (26)

1
where A is the amplitude and P is the period, with values of 120 V and 0¥ respectively.

The results for this simulation are shown in Figure 7.

The simulation results presented in Figures 7 and 8 were performed using the Bézier
trajectory for the energy described in (19), while the sinusoidal function described in (26)
was used for the voltage. As can be seen, there is an over-impulse at the beginning of
Figure 7a,b; this is due to the fact that the system is not controlled by any control technique,
i.e., the system is in open loop. However, the DC/DC Boost converter—full-bridge Buck
inverter system presents good performance since it manages to reproduce the reference
trajectories adequately. Good performance is also achieved in the inputs u1,, and 13,4, since
they are not saturated.
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Figure 7. Simulation 3. Response to the system for (19) and (26). (a,b,d,e,g) are the results of the
simulation correspond to variables vy, i1, Uy, ip, £ respectively, whereas the results related to the
reference variables are vy, ij, v3,i3, £*. Meanwhile, (c,f) are the inputs of the DC/DC Boost converter
and the full-bridge Buck inverter, respectively.
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Figure 8. Tracking errors related to simulation 3. (a) ey, = v — vy; (b) e;, = ] —iy; (¢) ey, = V5 — vy;

(d) e, = i —in.

Simulation 4. For this simulation, £ is the time-varying trajectory defined by

E*(t) = 0.03 + 0.01 sin (i?t) , (27)

Now, v} is defined as a decreasing sinusoidal trajectory given by

(t)=A sin(zlft> (e 1% —0.1), (28)

where in (27) and (28), the values of A and P are as previously defined in (26). The results
are shown in Figure 9.

After carrying out the simulation using a positive sinusoidal function for the energy
and a decreasing sinusoidal signal for the voltage, the results presented in Figure 9 are
obtained. As can be seen, the system is able to reproduce the reference trajectory, obtaining
good results even when the system is in open loop.
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Figure 9. Simulation 4. Response to the system for (27) and (28). (a,b,d,e,g) are the results of the
simulation correspond to variables vy,iy, vy, iy, € respectively; whereas the results related to the
reference variables are vy, i}, v3, i3, £*. Meanwhile, (c,f) are the inputs of the DC/DC Boost converter
and the full-bridge Buck inverter, respectively.

3.3. Discussion for the Results Simulations

Simulations 1 and 2 (Figures 4 and 6): In these simulations, reference trajectories with
constant parts of Bézier type were considered, for £* and v3, in order to study the dynamic
evolution of the system before work cycles (u1,, and u2,4,), which are constant and variable
in terms of time. From the simulations, it can be seen that v, — v3. v1 is found to be close
to v] and they are dynamically very similar to each other. However, i; and i, differ in
magnitude but not in shape, with respect to i] and i;. This is mainly due to the fact that
parasitic resistances and energy losses were not considered within the model.

Simulations 3 and 4 (Figures 7 and 9): For these simulations, appropriate trajectories
of £* and v; are considered with the purpose of generating u1,, and u4, variants in time.
In these simulations, it is possible to observe that v, — v3. With respect to the voltage of
DC/DC Boost converter, vy is approaching v, being dynamically very similar. Meanwhile,
i; and i, differ in magnitude and not in shape, from their reference trajectories. This was
explained in the previous paragraph.

In this way, according to the results obtained from the simulations and supported
by error plots (Figures 5 and 8), in which it is observed that e,; — 0, ¢;, — 0, ey, — 0,
and e;, — 0 for both fixed trajectories as well as time variants, the analysis of the model
presented here is corroborated by the simulation.
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4. Conclusions

In this work, the mathematical model of the DC/DC Boost converter—full-bridge Buck
inverter system was analyzed through the property of differential flatness, by means of the
flat outputs exhibited by the system. Energy trajectories for the DC/DC Boost converter
as well as trajectories for the voltage of the full-bridge Buck inverter were proposed to
observe the dynamic evolution of the system states. The simulations considered useful
time-varying duty cycles for 114, and 154, and not just constants. The simulation results,
in general, show good performance; this is due to the fact that in all the presented results
the system reproduces the proposed trajectories adequately. Even considering that the
system is in open loop, it is observed that the over-impulses of the states are stabilized and
the inputs #1,, and uy,, are not saturated. Therefore, it is concluded that the analysis and
validation of the system is satisfactory. As future work, it is necessary to apply control
techniques that solve the tasks of regulation or trajectory tracking for v; and v,.
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