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Abstract— In this paper a single-stage three-phase boost
inverter with non-linear modulation is introduced. This inverter
is capable of generating high-voltage AC output from a low-
input dc source. In order to prevent voltage drop at the input
floor, parallel paths of current are proposed in this converter
and a new structure of boost inverter is applied. The
performance of this inverter is generally based on charging
inductors in parallel and their discharging in series. After
analyzing the performance of the proposed converter, the
dynamical equations governing the converter are extracted.
This converter is simulated in MATLAB/Simulink and results
check the validity of the equations. At the end, practical
prototype is studied in laboratory and results are extracted,
which evaluates the accuracy of the dynamic equations obtained
in this new structure.

Keywords— Single-stage DC-AC converter, boost inverter,
non-linear modulation.

. INTRODUCTION

Over the past few decades, the growing trend of using
renewable energy has led to an increase in utilizing power
electronic converters in this field [1, 2]. In the structure of
renewable energy, those converters are usually used which
generally have two features in common; first, increasing the
input voltage range; and second, convert the boosted DC
voltage to an alternating voltage of three or single-phase
output [3].

Using an all-bridge converter with a boost transformer
can be considered as a convenient and reliable solution to
convert DC voltage to sinusoidal alternating voltage [4-5].
Due to the fact that all-bridge converter is a BUCK converter,
a boost transformer is used to increase its output voltage
range. The advantage of this type of converter is output
voltage stability in a wide range of load variations (from zero
to 100% rated load). One of the strength points of using this
converter is to feed asymmetric loads due to the presence of
null point in the secondary side. The only drawback of this
system is the weight and volume of its iron transformer.
However, the utilization of this type of structure is suitable
for connecting and exchanging power with the medium-
voltage distribution network (20 KV).

Other solution in which DC voltage can be converted to
an alternating voltage with larger amplitudes is the use of a
two-stage converter, which in the first stage through a DC-
DC boost converter, the DC voltage amplitude increases and
then in the second stage, it will be converted to an alternating
voltage through a Voltage Source Inverter (VSI) [6-8].
Indeed, the DC-DC boost converter acts as a regulator of the
input voltage for the main converter. The advantage of this
method is that the inverter modulator index can always be
considered as the unity and to change the magnitude of the
AC output voltage, control the voltage magnitude of DC-DC
boost converter. This type of structure has been more

encouraging in utilizing solar panels. Disadvantages of a two-
stage converter are the size and volume of the inductance
associated with the DC-DC converter as well as the number
of semiconductor switches in this structure.

In [9], Current Source Inverter (CSI) has been introduced
in order to implement DC-AC boost conversion. The
important issue in this type of converter is to control and
maintain stability at all operating points. Other point is that
the designer should always be cautious about the magnitude
of the inductor current not to pass through the range of
instability and at the same time keep the average value of the
inductor current (DC link) at a constant value. As a negative
feature, it should be kept in mind that in the case of sudden
interruption of load, the output voltage suddenly increases
sharply, which can lead to instability or even devastation of
switches. Additionally, the high number of switches also
causes the CSI not to be considered as a superior choice.

Z-Source inverter may be considered a combination of
voltage source and current source inverters, since in practice
it exhibits similar behavioral characteristics to both types of
converters. Simultaneous activation of both switches in a leg
for a short time is the feature that this converter uses to
increase the voltage range, known as “shoot through” [10-
13]. In Z-Source inverter and CSI, due to existence of
inductor in input side, there is no reason to worry about the
short circuit in each leg. The ability to increase the voltage
range in Z-Source inverter is far less than other methods, but
since the structure of the switches and its control method are
similar to those of a voltage source, the approach to using it
in the field of operation renewable energy is more than the
CSI. Compared to the voltage source inverter, the existence
of two relatively large inductors and capacitors in input side
and low-pass filter in output side of Z-Source inverter, makes
the voltage source inverters still more popular.

Other single-stage boost inverters are introduced in [14-
18] and each one has its own advantages and disadvantages.
Among different structures, in [19] an applicable topology of
Boost Inverter is applied which is shown in figure 1.
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Fig. 1. Single-stage three-phase Boost Inverter.



mailto:Bahman.eskandari@aalto.fi
mailto:Azizi.malayeru@gmail.com
mailto:Roostaee.ir@gmail.com

TABLE I. COMPARISON OF DIFFERENT STRUCTURES OF COMMONLY USED DC-AC CONVERTERS

DC-AC Number of Weight and volume Reliabili Controllability -Ii—r?sr?eglslel?lhzo Efficienc Construction
Converters switches of filter/transformer ty and Stability Y Costs
voltage range
VSl + 6 Overweight High Easy and stable High High Medium
transformer g g Y 9 g
DC/DC Boost Bulky DC inductor, . Not so difficult . . .
+VSI 8 Medium LC filter Medium and stable Medium Medium High
Bulky DC inductor, Difficult . .
csi 12 Large capacitive filter Low And unstable Medium Low High
Z-source 6 Bulky DC |nc!uct0r, Medium Difficult and Low Medium High
converter large capacitors unstable
Boost- Small inductors and . Very difficult . .
Inverter(Fig.1) 6 capacitors High and unstable High High Low

This inverter is made up of a differential combination
of three boost converters. The point N is the negative pole
of the DC voltage source, which is common to all three
converters. Pulse width modulation is the same for all three
converters with a 120 degrees shift, and thus the voltage
Vg is divided between load phases. The output voltage of
each boost converter, or related capacitor, is made up of
two components; a DC part and an alternating part. The
interesting point is that the average value of the output
voltage of each of the three phases is equal to each other,
and since the converter have been connected differentially,
the average load voltage is equal to zero.

This converter has significant characteristics due to its
arrangement and the number of switches which is equal to
the voltage source converter, also the size of the inductors
and the capacitors used in it are not as much as other
topologies. The main problem with this type of converter is
how to control it in order to generate sinusoidal voltage.
Despite offering different solutions, compared to other
converters, distortion and low-order harmonics are high on
the output side of this converter and since filtering low-
order harmonics requires massive filters, it’s difficult to use
this converter. Regarding significant advantages such as
low-frequency, single-stage, minimum number of IGBTSs
and the possibility of controlling as a voltage source
inverter, it is not easy to discard the utilization of this
converter. Table | summarizes the advantages and
disadvantages of DC-AC converters with the ability to
increase the voltage range. The fields that is considered for
this comparison include the number and size of structural
elements, reliability, efficiency, construction costs,
controllability and stability, and the ability to increase the
voltage range.

So far, different structures of commonly used DC-AC
converters were investigated. Also in the [19] laboratory
sample of boost inverter (Fig.1) has been constructed and
studied. In the next section, a new structure of this boost
inverter is introduced that uses the current dividing
technique in input side to reduce the voltage drop across the
input side and achieve higher gain. After introducing this
inverter, the operational principles are explained and then
simulation results in MATLAB software are presented and
the accuracy of the results is checked. Finally, in
experimental result section a sample prototype which is
made in Malayer University is investigated.

Il. PROPOSED STRUCTURE

The proposed converter in this paper is a single-stage,
three-phase boost inverter capable of generating high-
voltage AC output from a low-input dc source. The
structure of desired inverter is clearly indicated in figure 2.
Fig. 2(a) shows the overall circuit while Fig.2(b) shows the
internal circuit for each phase. This inverter has n paths or
n layers in each phase. In each path, there is an inductor
with the value of L and an internal resistance r. In each
phase with n paths, 3n-3 switches are applied. The output
of each phase is connected to the midpoint of a leg with two
switches. Three capacitors (C) are connected in parallel in
each of three leg. In this figure a resistive load which is
connected in star form are considered for desired converter.
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Fig. 2. Proposed Inverter Circuit. a) Overall circuit. b) Internal circuit of
each phase (For Phase A,B and C).




As mentioned, this inverter could have n paths in each
phase; the number of inductors is equal to the number of
paths. Increasing the number of paths from 1 to n has
different effects on converter performance. For instance,
reducing the pulse width of switches and consequently
increasing the efficiency.

I11. OPRATIONAL PRINCIPLES

The general equivalent circuit of the proposed structure
for phase A has been illustrated in figure 3. As shown in
this figure, all switches are marked with two positions of 1
and 2. The performance of this inverter is generally based
on the charging inductors in parallel and their discharging
in series; which has two main advantages, first reduction of
input resistance and second reducing the pulse width of
switches. This inverter has two operating conditions, which
will be discussed in following section. The proposed
inverter is discussed for phase A and extended to other
phases. For convenience, the output load is considered to
be connected in triangular form.

A. First state

In this state, the switches 1 are switched on while
switches 2 are off. Figure 4 illustrates this situation. In this
state, all inductors in n paths are placed in parallel with the
DC source and start charging. The current in each path is the
same and the sum of these current is equal to the current
drawn from voltage source. Using the voltage and current
rules for figure 4, equation (1) is obtained for phase a.

Li, =E-rl,
CV :_Van_vbn _Van_vcn (1)
an R R

B. Second state

In the second state, unlike the first state, the switches 1 are
off and the switches 2 are turned on. This situation is shown
in figure 5. In this case, all inductors come in series with the
source and begin to discharge. In this situation, the current
in each path is the same and its value is equal to the current
drawn from the source. Equation in this case for phase A are
given by,

nLl, =E-nrl,-V,,

CV =1 - Van_ Vbn _ Van_ Vcn 2)
an a R R

In this equation n is the number of paths. Van, Vbn and
Ven are considered as line voltages by default and are
defined as followed,

V,, =Asin(wi+ 0°)+ A+ E

Vi, = Asin(wt+ 120°) + A+ E 3)

Vg, = Asin(wt+ 240°)+ A+E

From Equations (1), (2) and (3), the mean values of Van

and la in a complete period of switching are obtained as
follows:

E[D (n-1)+1]+D V _V
- a a an an
Li, = —rl

n a

V —A-E &)
cv =-p 1 -
an aa R

; 3
D +D' =1
a a

Where D, and D'y are the switch pulse widths in
positions 1 and 2, in the phase A. Equation (4) is a three-
dimensional equation with first-order partial derivatives of
time. With a little simplification,
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Fig. 4. Inverter circuit in first state for phase A
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Fig. 3. Proposed inverter circuit for phase A

Fig. 5. Inverter circuit in the second state for phase A
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This is a non-linear equation and to obtain pulse width
D',, this non-linear equation must be solved. Equations (3),
(4) and (5) are simulated in the MATLAB software
Simulink environment and results are given in following
section.

IV. SIMULATION RESULT

As previously mentioned, the proposed converter
model was based on the Boost Inverter. Therefore, to
evaluate the performance of the proposed converter,
simulation of this converter was performed in MATLAB
Simulink and simulation results were obtained. The values
of simulation parameters are given in Table II.

The simulated block diagram model has been used in
MATLAB software to solve non-linear equation (5) and
obtain D (pulse width) for a period of 20 milliseconds.
According to the proposed structure, the number of paths
shown in figure 2 can vary and cause different effects on
the efficiency of the converter. Increasing the number of
paths in each phase leads to a decrease in the maximum
duty cycle, which can be clearly seen in figure 6. The output
gain and efficiency of the boost inverter are directly
dependent on the pulse width of the switches. Increasing
the number of induction pathways results in a decrease in
the pulse width and consequently a decrease in the losses.
Through equations 4 and 5, the non-linear duty cycle was
calculated and results for three phase of proposed inverter
have been obtained in figure 7. It should be noted that
switching frequency is 10 Khz, while the output frequency
is 50hz.

Figure 8 shows the three-phase output voltage of the
proposed converter. As it is known, the output voltage
range is 100 V. According to the input voltage of the
converter which is 20 V, the gain value of this converter is
around 5. Regarding the obtained waveform, the output
voltage is smooth with small fluctuations.

Figure 9 shows the current drawn from the source by
each phase and the total current drawn from the source. As
it is known, the current drawn from the source is equal to
the sum of the currents drawn by each phase.

Figure 10 compares input power and output power of
proposed structure. By a simple calculation the desired
converter efficiency is roughly 78%.

Table Il. Simulation parameters

Description Variables : Simulation values

DC Source E 20(V)

Load resistance R 30(Q2)
Inductance L 0.3(mH)
Internal resistance r 0.01(Q2)
Capacitors C 0.1(mF)
Switching frequency f 10(Khz)
Output Frequency fo 50(Hz)
Number of legs n 3
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Fig. 6. Increasing the numer of inductor path (pararell path) decrease
pulse width
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Fig. 7. Duty cycle of three-phases
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Fig. 8. Three-phase output voltage of the proposed converter
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Fig. 10. Input power and output power of proposed structure.

V. EXPERIMENT RESULT

To validate the simulation results and evaluate the
performance of the proposed structure, a sample prototype




of this converter was built in Malayer University. Figure 11
shows the desired converter along with the different parts
used.

The power circuit includes a 12 V, 55 Ah batteries as the
input dc voltage, nine 300 xH, 10A inductors, three 250 uF,
100V capacitors and six IGBT switches (BUP314D).
Drivers of the switches are fed through four isolated DC
supplies, where the coupler TLP250 interfaces the
microprocessor and the power circuit. A three-phase
laboratory L-C set as the output filter and a three-phase
laboratory R-L were used as the load. The microprocessor
is the EZDSP TMS320F28335 that regulates pulse widths
for the six switches using code composer.

Fig. 11. Proposed Boost Inverter with new structure built in Malayer
University laboratory
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Fig. 13. Output voltage of boost parts of Boost Inverter and their
differences which is phase voltage.

The built-in converter has three paths in each phase, so
the number of inductors for each phase is 3, which employs
a total of 9 inductors. By applying the pulse width
discussed in the previous section (Fig. 7), the output results
for this inverter are obtained. The output voltage for the two
phase of inverter is shown in figure 12. As can be seen, the
output is quite sinusoidal, with a higher range than the input
value (approximately 50V). Figure 13 shows the output
voltage of two boost parts of boost inverter and their
differences which is phase voltage. As mentioned earlier,
the phase voltage is obtained from the output differences of
the boost parts of proposed inverter.

VI. CUNCLUSION

In this paper, an integrated three-phase inverter with
improved structure was introduced. The proposed Boost-
Inverter presented in this paper had a distinctive structure
which reduced the input voltage drop by applying the
current-dividing technique. The dynamic equations
governing the proposed converter were extracted using a
one-cycle averaging technique. By solving the nonlinear
equation, the value of the converter duty cycle was
obtained. the accuracy of the obtained equations was
verified by simulation in MATLAB software. In addition
to the simulation results, the results of the practical
implementation confirm the obtained equations.
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