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Abstract electrical, control and electronical engineers. The
contributions of most power electronic design papers are
related to the use of the model, failing to present details
regarding the deduction of the model and the procedure for
obtaining the references. However such details are of
paramount importance, especially for PE designers, since
references allow the understanding of the operating principle
and also facilitate the design of the control structure [1]-[8].

This paper presents a methodology for obtaining the
references for voltages and currents of power electronics (PE)
devices. References are needed for deducing, in an
appropriate way, the differential equations (DEs) that govern
the behavior of PE devices. If references are used for
deducing DEs, power and energy interchange can be
explained; also, control strategies based on mathematical
model can be easily implemented. PE devices are very The dynamical performance can be understood if the
diverse; so, the proposed methodology is explained by using a operation principle is explained in detail which may lead to
complex converter for considering many possibilities that may better control strategies that fulfill the requirements

result. Basically, the passive law of sign is used; nonetheless, established from the design [9]. There are a lot of papers that
the application of this law is sometimes tricky. Finally, partially include the explanation of the obtention of reference
OpenModelica software is used for validating the proposed voltages and currents; however, there are still many gaps in
methodology. the knowledge [10]-[12]. The main contribution of this paper

lies on the deduction of voltage and current references that
permits a deeper explanation of the operation principle for PE
devices. The proposed methodology can be easily applied to
many converters [13]-[14]. After the deduction of reference
voltages and currents, the proposed procedure is validated
using OpenMoedlica.

Keywords: Reference voltages and currents, Power
Electronics (PE) devices, Differential Equations (DE),
OpenModelica.

1. INTRODUCTION

Deduction of reference voltages and currents are useful for
deducing the DEs that govern the behavior of PE devices. The
proposed methodology is a systematic procedure that takes

OpenModelica [15] is an open source software that permits
the simulation of PE devices, allowing dynamic multi-domain
simulation of linear and non-linear systems. OpenModelica is
conformed of an equation-based and object-oriented language

:jnto_ accoxntb_dbll\_/erse Epss‘l'b'“t'?s thar;[ can tra]lptpear n :E (Modelica). OpenModelica incorporates extensive model
EVICES. 'wllographical TEVIEW SnOWS hal Tesearches libraries in many fields, a graphic connection editor

mainly foc_:us on cqntr(_)l strategies applied to PE qEViceS; (OMEdit), compiler, simulator and plotting tools.
however, little attention is devoted to the reference setting that OpenMod,eIica is wiéely used in industrial and research

permits the deduction of DEs; basically, they only present applications on electric engineering. In [16] the authors

t[k)1lizs ?S a s;artln?g tpOIIDrI]Et and d(revelorp tf:jeif:c:iontlr;oltstrartegg/. F:dr incorporate Modelica language for modelling DC microgrids.
n; r?azg T%Si pz;lpe Sr a?\t Eu n?j retan d abl In [17] the authors simulated power electrical networks,
understand. S Paper presents an understandable proposing a Power System Library; also, in [18] control

methodology for famhtatmgl the comprehenspn of th_e algorithms are implemented using this software for power
operating principle of PE devices and the deduction of their inverter applications. OpenModelica is a tool for improving

DEs. the formation of future engineers as indicated in [19]. In this
Using the passive law of sign, this paper develops a rigorous paper, OpenModelica is used as a validation tool for verifying
explanation for obtaining the references. The explanation is the obtained reference voltages and currents.

presented for giving specific details that can be useful to
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This paper is organized as follows: Section Il presents the
proposed methodology using a complex converter for
obtaining the reference voltages and currents. Section Il
corresponds to the results obtained in OpenModelica Software
for wvalidating the proposed methodology. Section 1V
concludes and highlights the most relevant aspect of this

paper.

Il. PROPOSED METHODOLOGY

The proposed methodology is explained using the converter
depicted in Figure 1. v; is the input voltage; Ly, L,, L3, and L,
are inductors; Cy, C,, C5, and C, are capacitors; Q, and Q, are
power switches that are commutated with the same control
sign; D; and D, are power diodes; and R is the resistors used
as a load. The following assumptions have been made: 1)
Losses are neglected. 2) There drop voltage in power switches
is not considered. 3) The passive law of sign is used to obtain
the references of the system.

Ly o D,

il ’# Q2 (||3 ml,4
L1} l ¥ L1 l |
vy @ Ly Cz .|. Ly Dy C4.|. RS

Figure 1. PE topology
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The methodology consists on successively closing and
opening the power switches to observe the transfer of energy
between passive elements (inductors and capacitors); in this
paper, each closing and opening state corresponds to a
commutation. The proposed methodology is a graphical
methodology in which voltage polarities and currents
directions when each passive element absorbs energy are
drawn. Positive voltage polarities and positive current
directions are defined in this paper as the references,
following the passive law sign when the element absorbs
energy. While negative voltage polarities and negative current
directions are defined as the reactions, under this condition the
element deliver energy. After each commutation, there is only
drawn the references (voltage and current references) of one
passive element at a time for avoiding mistakes. References
are labeled using red color while reactions are labeled using
blue color. The topology of Figure 1 presents eight passive
elements between inductors and capacitors; then, there are
needed eight commutations. The commutations are described
as follows:

Figure 2 shows the topology for the first commutation when
Q. and Q, closed.

Figure 2. First commutation: Q, and Q, closed.

The first commutation allows to obtain the references for L,.
In this commutation, v; and L, are in parallel. v; delivers

energy to L,, so L, stores energy. Using the passive law of
sign, it is possible to label voltage and current references (note
the red voltage polarity and current direction). Also, it is
recommended to label one reference at a time for avoiding
mistakes.

Figure 3 shows the topology for the second commutation
when Q, and Q. are open.
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Figure 3. Second commutation: Q; and Q, open.

The second commutation permits the obtention of references
for C;. In this commutation, L, reacts changing its voltage
polarity. Voltage reaction of L, is labeled using blue color.
Then, v; and L, are in parallel with C;, both v; and L, deliver
energy to C;. According to the passive law of sign, it is
possible to label voltage and current references for C; using
red color.

Figure 4 shows the topology for the third commutation when
Q, and Q, are closed again.

Figure 4. Third commutation: Q, and Q, closed.

The third commutation permits the obtention of references for
L, . In this commutation, C; reacts changing its current
direction. Current reaction of C; is labeled using blue color.
Then, v; and L, are in parallel with C,, both v; and L, deliver
energy to C;. According to the passive law of sign, it is
possible to label voltage and current references for C; using
red color.

Figure 5 shows the topology for the fourth commutation when
Q, and Q, are open again.
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Figure 5. Fourth commutation: Q; and Q, open.

The fourth commutation permits the obtention of references
for C,. In this commutation, L, reacts changing its voltage
polarity. Voltage reaction of L, is labeled using blue color.
Voltage reaction directly polarized D, ; so, L, is in parallel
with C,. L, delivers its energy to C,. According to the passive
law of sign, it is possible to label voltage and current
references for C, using red color.
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Figure 6 shows the topology for the fifth commutation when
Q. and Q, are closed again.
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Figure 6. Fifth commutation: Q, and Q, closed.

The fifth commutation permits the obtention of references for
L; . In this commutation, C, reacts changing its current
direction. Current reaction of C, is labeled using blue color. In
this commutation, C, is in parallel with L;. C, delivers its
energy to L;. According to the passive law of sign, it is
possible to label voltage and current references for L using
red color.

Figure 7 shows the topology for the sixth commutation when
Q, and Q, are open again.
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Figure 7. Sixth commutation: Q; and Q, open.
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The sixth commutation permits the obtention of references for
Cs . In this commutation, L; reacts changing its voltage
polarity. Voltage reaction of L; is labeled using blue color.
Voltage reaction directly polarized D,; so, L is in parallel
with C5. L delivers its energy to C5. According to the passive
law of sign, it is possible to label voltage and current
references for C5 using red color.

Figure 8 shows the topology for the seventh commutation
when Q, and Q, are closed again.
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Figure 8. Seventh commutation: Q; and Q, closed.

The seventh commutation permits the obtention of references
for L,. In this commutation, C; reacts changing its current
direction. Current reaction of C; is labeled using blue color.
C5 delivers energy to L,. According to the passive law of sign,
it is possible to label voltage and current references for L,
using red color.
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Figure 9 shows the topology for the eighth commutation when
Q, and @, are open again.

lL—l;v Ly ICL, 51 Dy @2 125_ Cy !_"‘"‘b"&?n
— vy I +ve |+ i“‘t b — ot |7 v +J-+ +
v; o Ly3vi2  Cymves Lyviz Dy Cy _Vm R::ER
] it~ T_ [+ ics ip

Figure 9. Eighth commutation: Q, and Q, open.

The eighth commutation permits the obtention of references
for C,. In this commutation, L, reacts changing its voltage
polarity. Voltage reaction of L, is labeled using blue color. L,
are in parallel with C, and R. L, delivers its energy to C, and
R. According to the passive law of sign, it is possible to label
voltage and current references for C, using red color.

Figure 10 shows the topology for the nineth commutation
when Q, and Q, are closed again.
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Figure 10. Nineth commutation: Q, and Q, open.
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The nineth commutation permits verifying if there is an
appropriate transfer of energy in the converter. So, C, reacts
changing its current direction. Current reaction of C, is
labeled using blue color. It is confirmed that C, delivers its
energy to R.

Figure 11 show the summary of references that must be used
for obtaining the set of DEs that govern the behavior of the
converter.
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Figure 11. Summary voltage and current references.

IV.RESULTS

Simulation was carried out using the default compiler and
solver in OpenModelica connection editor (OMEdit), version
3.2.2. Figure 12 show the implementation in OpenModelica of
converter depicted in Figure 1. Duty cycle used was 20%
while switching frequency was 1 kHz. The obtained voltage
and current references were used for the implementation. In
OpenModelica for each element, the squares filled with blue
correspond to the “+” signs of the references, while the
squares that are not filled correspond to the “-” signs of the
references.
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Figure 12. Implementation in OpenModelica.
Figure 13 shows all waveforms that result after the simulation. reactions are also confirmed when waveforms are negative. It

At the bottom of the Figure, there are depicted PWM (Pulse is concluded through simulation that the proposed
Width Modulation) signal for all columns of figures. In each methodology correctly determines the voltage and current
switching state, there are confirmed the obtained voltage and references of the converter.

current references when waveforms are positive, while
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Figure 13. Voltage and current waveforms of the converter.

3275



International Journal of Engineering Research and Technology. ISSN 0974-3154, Volume 13, Number 11 (2020), pp. 3272-3277
© International Research Publication House. https://dx.doi.org/10.37624/IJERT/13.11.2020.3272-3277

V. CONCLUSIONS

This paper presented a methodology for obtaining voltage and
current references that permits the deduction of DEs that
govern the behavior of PE converters. Methodology was
based on the passive law of sign. The application of this law
was explained using a converter that considers diverse
possibilities that could results in PE field. The proposed
methodology consists of successively closing and opening the
power switches to observe the transfer of energy between
passive elements. Basically, the methodology is a graphical
methodology in which voltage polarities and currents
directions when each passive element absorbs energy are
drawn.  Methodology was validated through the
implementation of the converter in OpenModelica software, it
is concluded that the proposed methodology correctly
determines the voltage and current references for PE
converters.
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