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Abstract This paper proposes a new tstage inverter based on transforrless high gain DEDC converter for
energy conversion of a photovoltaic system. The designed systestscohs high gain DEDC converter cascade:
with a threephase inverter. The proposed EBC converter has a simple structure, and it has one switch i
structure. The output voltage of the IXT converter supplies DC source for the inverter part of indti-stage
inverter. The advanced twaiage inverter sample was fabricated, then the findings of the acquired simulatio
hardware warranted the configuration applicability. Finally, the MATLAB/SIMULIsIEmployed for the simulation ¢
PV-battery sysm. The obtained results revel that the proposed power conversion system effectively chases
and generation fluctuations and also properly handles the power mismatchesttery system.
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period and frequency respectively. The duty cycle is:

2 TWOSTAGE DC/ AC CONVERTER

The propose two-stage inverter is illustrated in Fig. 1.
The developed system contains novel-DC converter
cascaded with a -Evel multilevel inverter. The
proposed DEDC converter is called double inductor
double boost converter (DIDB). The DIDB has high
voltagegain benefits. The DIDB includes two coils, two
capacitors, five diodes and one switch with the shown

— On —

K ton- fs 1)
First mode: Happens while the switch I ON, this
results in diode R and D4 to be shifted to ON status
and diodes I and B to be changed to OFF status.
Thus the I2 inductor and @ capacitor are parallel, and

the L1 inductor and DC voltage source are parallel. In
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this mode inductors are chargdeig. 2(a) shows the
mode 1 DIDB circuit.
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Fig. 2. Modes of DEDC boost converter (a) mode 1 and (b)
mode 2.
Over the mode 1, the voltages across the inductors
are:
Vi =V, )
Vi =V ®)
Vo2 =Ves )

Second mode: Happens while the swilchis OFF,
this results in diode D D3 and B to be shifted to ON
status and diodesDand D to be changed to OFF
status. Fig. 2(b) represents the mode 2 DIDB circuit.
Through mode 2, the voltages across the inductors are:

Vi =Vin - Vo ®)
VL2 :V01 - Vc4 (6)

By notice the Eg (1) - (5), the zero average
inductors voltages over one carrier cycle are:

VLl =0= KVin +(1' K)(Vin - V01) Y

(7
Vin = (1' K)VC1
\EZOZ KV01+(1' K)(ch VC4)Y (®)
Ve, = (@ K)Ve,
By replacing Eq. (7) in Eq. (8):
1
9)

V., =—=V
C4 (1_ K)Z in
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In steady statethe voltages of output capacitors are
equal ¥cs=Vcs) then the output voltage of DIDB is
given as:

Vo =V +Ve, =2V, (10)
2
V,=—= Vv
(@] (1_ K)2 in (11)

Fig. 3 shows the voltage gain for different duty ratio.
As shown in Fig. 3, DIDB has high gain andn be
used in photovoltaic systems to step up the voltage of
PV panels. It is one of the advantages of DIDB.

Using semiconductors with low voltage stress is other
advantage of DIDB. A main issue in power electronic
converters is the ratings of semiconduist On the other
hand, voltage rating of the semiconductors in a
converter play a critical role on the expense and
achievement. The voltage stresses on semicondaieor
given as:

V,
VS, =S, =V, =2 (12)
VS, = % (13)
VS, = KZ" (14)

Having input current with low ripple is one advantage
in classic boost DEDC converter. The ripple of input
current in DIDB is the same as classic boost-DC
converter.

The voltages across L1 and L2 in mode one have
been givenin Eq. (2) and Eq. (3). Thus,1. L2, and
ripple of currents can be calculated by

DI Dl ,f -
V — V — L1 — L1°s Y
L1 in [x Ll K L1

(15)
DI, = < Vin
fol,
Di 1 .
Vi, =V =2 L, = v

DI, =V,
fs@- K)L,

To confirm the above mentioned accuracy of
analyses, it would be ideal to generate a simulation
model. The circuitparameters are given in Table 1.
Signal duty cycle of 50% is applied over power switch
T1. The output voltage is approximately 400 V. Fig. 4
shows operation of DIDB converter.



N
a
=3

—
E 40
A 235
S 200 g 30
K T 25
2150 T 20
= 015
o 10
o 1001 g 5
=
2 G0
=5~ 03 04 05 06
> Duty cycle(K)

01 02 03 04 05 06 07 08 09
Duty cycle(K)
Fig. 3. Voltage gain for different duty ratio.

o
o

Table 1: Parameters.

DC source 50V
Liand Lo 500 pH
Cy, G, Gand G 100 pF
Switching frequency 25 KHz
K 0.5
Load 1200 W
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Fig. 4: Operation of DIDB converter.
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The voltage of semiconductors {V Vo1, Vb2, Vbs,
Vpa and \bs) is depicted in Fig. 4 that proves E@B2) -
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(14). Also, Fig. 4 shows the voltage of &d current of
L.

The charge and discharge of capacitor and inductor
have been visible.
2*50 (17)
, =—————5 =400
(1- 0.5

As can be seen in Fig. 5 comparison has been
performed among the gain of the proposmshverter,
conventional cascaded boost converter and novel
converter of [32] in ideal case. It is obvious that the gain
of the proposed converter is higher than the
conventional boost converter by a factor of two.

The control of DIDB converter depends onPMT
technique. According to load matching theory,
maximum power is being conveyed from PV module to
load when PV source impedance is equal to the load
impedance. The MPPT can be done by adapting the
duty cycle (K) of the DIDB. With varying air and sun
condtions, the duty cycle has to be adjusted to obtain
the highest energy from PV module. In this paper, the
conventional incremental conductance method (INC) is
adopted for MPPT procedure. This technique is
extensively employed in the MPPT controllers since
their simplicity and simple implementation.

= Cascaded boost|
—Proposed

0 0.1 0.2 03 0.4 0.5 0.6 0.7

Duty cycle
Fig. 5. gain comparison of the proposed converter, conventione
cascaded boost converter and novel converter of [32].

2.2 Operation and analysis of fivelevel inverter
Multilevel converters have some distinct drawbacks.

They require a lot of semiconductor switches, and each
one needs a compatible gate driver and security circuit.
Some of them require various separate capacitors or DC
sources. These provisions raise thiegpand complexity
and lead to decrease safety and security. Different
topologies with decreased number of switches, DC
voltage sources and capacitors have been suggested in
recent years to overcome limitations above-174. In

this research, the-evel inverter is used as second part
of the twostage converter. Using cascaded transformer
technique is presented in this part to eliminate needing
to different DC sources in different phases. The circuit
diagram of the fivdevel inverter is illustrated ini§. 6.
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It involves two level capacitor voltage divider, five
switches in each phase, and one DC voltage source. The
required five voltage output levels are produced as
Table 2. The performance of this fl@vel inverter can

be classified into five stateBigure 7 shovs modulation
waveforms. As shown in Fig. 7, the triangular
waveforms are carriers and the reference waveform is
sin wave. Triangular waveforms have the same
amplitude and frequency but the positivéarigular
waveforms have 180degree phase difference with
negative triangular waveforms. This aids us to generate
symmetric output voltage. The sin reference wave
defines output voltage frequency. At each instant, the
result of the comparison is used to gate the proper
switching function to give suitable output voltage level.
The power electronic switches of the inverter are turned
in low frequency.

v 1

de T

5 Load

Fig. 6: Fivelevel inverter.
As the dc capacitor voltages are adjusted by regulating
the fivellevel inverter, the DC capacitor voltages can be
designated as follows:

V,
Ves =Vey = 70 =V

(18)
The fivelevel topology provides a meaningful
decrease of semiconductor tools and capacitors neede

to perform a multilevel inverter.

d

Table 2:Look-up table for the fivdevel inverter.

On Switches Va

$,S0rS, S 0
SL, &, Vdc
S S 2Vgc
SJ.: S& 'Vdc
SR -2Ve
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Time(s)
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Fig. 7. Modulation waveforms.

3. APPLI CATI ON I N PV SYSTENMW
The distributed generation (DG) methods can be
attached to the energy grid, or they can likewise be run
separated from the central grid [2B]. The proposed
structure can be used in DG systems. At isolated from
the main grid mode, voltage control methgdused. To
enhance reliability, the battery storage system
employed parallel with the PV system.

is

In DIDB, MPPT controller controls converter and
obtained the highest energy from PV systems. The
voltage control approach for DIDB and filevel
convertes are shown in Fig. 8 in isolated from the main
grid mode [13,15]. The output voltage from the solar
panel varies in different range. In order to obtain a
stable output voltage, we have to design a cldsed
control. The battery charge controller cresat®nstant
DC-link. In the fivelevel inverter, inverter output
voltage (Vabc) is measured and converted tq d
structure utilizing Park transformation [Z1]. Results
are examined with evidence values (Vdref=1, Vqref=0),
the error signal is transferredithin controllers and
repeatedly converted to abc structure by Park inverse
transformation. The voltage at set point (load voltage)
has been sensed and transformed intp abmponent
with respect to the Park transformations. As for these
transformations, e zeresequence component to be
pulled apart of the abc references. Provided absence of
the zeresequence component, theqdcomponents have
been appropriately controlled. Because of the
probability of various disturbances in the power system,
it is presumed that thregphase input voltage of the PLL
is unbalanced and harmonically contorted. The
multilevel  sinusoidal pulse width  modulation
(MSPWM) technique is a popular method to implement
DC/AC inversion technology. Ultimately, the reference
voltage is emipyed to modulation unit to generate
switching signals. In order to produce the thpbase
AC voltage to synchronize to the main grid voltage, we
take the grid signals as the control signal. Battery
creates constant Dlthk almost. When the power of PV



R. Esmaeilzadeh, A. Ajami, M. R. Bana&ivo-Stage Inverter Based on Combination of High GainrDC Converter and..

106

is bigger than the power of load, the battery absorbs 900 W in STC condition. Fig. 10(b) verifies extting
exceed the power, and when the power of PV is lower maximum power from PV array.

than the power of load, the battery injects required

power. In order to survey the performance of the 7.0
controller, the main outputs of case study anssthated 6.0 e
in simulation part. 5.0
Z 40
I g 3.0
m =2
> © 20
; L] Fivedea [ ™ 1.0
V. ive-level || —1
_m DiDg ‘_0 T Tnverter  |— T Load 0.0
Filtr 0 10 20 30 40 50 60 70
T Voltage (V)
Fig. 9: IV curve specification of PV modul€urrent/voltage
MPPT Charge | | modulation g characteristics with dependence on irradiance and module
Controller Controller unit e >2 temperature).
'y *me
+ - ‘v
1 Contrall g
p = - e abetodad Table 3: Electrical data(Measured at Standard Test Conditi
(Bl P Yy ! (STC): irradiance of 1000/m2, air mass 1.5 g, and cell
Battery temperature 25° C).
Parameters values
Vwe,:Op.u.
Fig. 7. Presented topology with additional switched inductor ce Peak Power (+5%) | Pmax 305 W
Rated Voltage Vmp 54.7V
Open Circuit| Voc 64.2V
4. S1 MULATI ON AND EXPERIMFNFgclt‘a%eCI - | SE3A
RESULTS ate urren. . mp .
41 Si mul ation findings gﬂ?rrém Cireuit] Isc 596 A
Some cases simulated by u s/ Maxigum M@dmliECBuL S T|bbl, l6obhK
software to re\oefalthtehedewr?'%ipidnn
converter. The PV wused incf,{:fﬂi{inl:ée study consists |of 6
modul e configured as one dtring offPowsi x |08/ tCl es |each.
The SUNPOWEREHSIPRohotovoltaijc modul ewge 176.6 mVI°C
ar e used as PV source i n t he cas@orc) st idy i n hese
simul ati ow. chlahreact eroifstitdhe curve Current (Isc) | 3.5 mA/°C
SUNPOWER-3®WHRT modul e is shoSWEfFF;SieF%ﬁtingri g EAW/ T
9. l'ts main electrical spe%ﬁﬁ,{reho\éve%ltpelons d 3™ Y Bl modu
ar e il lustrated in Tabl e | CBCPTCREtagb | € 4 prievs ent s t he
parameters of a hei rwylbatiidoFigunsell wigpws power exchange of proposed system.
(PBattery) system i s esdup pVbenthed powerof P\pis higger tHae the fpawgr of load,

advanced

1200W power for the conne cthedegainingpowes ig ijected to tbquattter%. Whes the r
factor despite photovol t aRowerofPyissmyler thanpawer of [pad,the reayired, o
. . power is provided from the battery.k@' current and
S o me el ected simul ati on R, Foomes il iy 8 een
) voltage of load are depicted in |?. 12.
determined to prove the performance of he
systFeing. 10(a) shows temperature @SPuaipnpa@nelgy 4 ¢ e
. Parameters | values
The PV arrpgy ipsowelran(ghed by | changing of
irradiance and temperatur e.|PCbusvoltage 400V
Battery voltage 96V
The PV array outputs; power and voltage are L1 L 500 pH
illustrated in Fig. 10(b) and (c). The PV array voltage is DIDB switching frequency 25 KHz
less than DC bus, so the DIDB boosts PV voltage. C. G G G 100 oF
The DIDB boosts PV voltage and extracts maximum Inverter switching frequency | 1000Hz
power from PV arrz_iy. Accordlng to F_’V array character Fiter (G C) TImA.100 F
and electrical data in Fig. 9, the maximum power of PV
Load 380V, 50 Hz,1200 W

array in 1000 and 500 (W/m2) irradiance are 1830 and

Figure 13 illustrates the load voltage without a filter
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for one phase. As depicted in Fig. 13, the voltage of
load has five levels. There are various modulation
procedures for multilevahverters. In this research, the
SPWM switching approach is employed.

~ 1000
£
g
L 500+
0 0.6 14 15 2 25
~50-
[§] /
-~
|_
25 ! 1
0 0.5 1 1.5 2 2.5
@
2000
1830
3
:
s i
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0 L L L
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Time(s)
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54.7 1
495 f N———
s ; 54.7 [-—m_\_
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‘>1 >
49.5
0.6 11 15 2 25
Time(s)
0 L L
0.6 11 1.5 2 25
Time(s)
(©

Fig. 10: Some selected simulation resultsrfagdiance and
temperature (b) power of PV (B)V array voltage.
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Fig. 11: Power exchange pfoposed system.
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Fig. 12: The voltage and current of the load.
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Time(s)
Fig. 13: Load voltage without a filter.
42 Experimental results

A model is executed according to the suggested
topology based on what is shown in Fig. 1, to evaluate
the operation ofthe suggested converter in the
production of an intended output voltage waveform. The
DIDB generate DC voltage that is required for the
inverter. The specifications of the DIDB circuit are
given in Table 5. The load is resistive with a value of
4 0 0 Chis study, theé input voltage of the inverter is
240 V. In this part, the main frequency switching
approach has been employed [24, 25]. The data
acquisition ATMEGAS32 is utilized to execute inverter
controller, and the optoupler TLP250 is applied to
drive switches. Each unidirectional switch in the
recommended topology is formed of one IGBT
H25R1202. Fig. 15 represents a prototype circuit.

Figure 15(b) shows output voltage of DIDB. kige
16 depicts the voltage of semiconductors in DIDB. The
voltage of mainswitches (T1) is shown in Fig. 16(a).
The voltage of D3 is the same as T1. Comparison
between Fig. 15(b) and Fig. 16(a) results that the
voltage stress of T1 and D3 is half of output voltage and
verifies Eq. (12). The voltage stress of D4 and D5 are
the ame as T1. Fig. 16(b) shows the voltage of D1 that
verifies Eq. (13). The inverter is shown in Fig. 1 is-a 5
level multilevel inverter and can produce staircase
waveform with the peak 240 V grhase output. Fig. 17
depicts the measured output voltage wamf In this
study, fundamental switching strategy was used3@b
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Here ¢, =18andq, =45. As it can be observed, the

consequences prove the efficacy of suggested inverter in
the production of intended output voltagaveform.

Table 5 DIDB parameters

Parameters values
Vin 30V
Ly Lo 500 pH
DIDB switching frequency 20 KHz
C, & G, Gy 100 pF
switch IGBT H25R1202
Diode UF5404

oo o
H-bridge Switches IR ERLE)
o Swilch

Fig. 14. Circuit of prototype.
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Fig. 16 The voltage of semiconductors in DIDB (a) voltage ¢
T1 (b) voltage of D1.
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Fig. 15 Measured output waveform of DIDB (a) gate pulse (|
output voltage.
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5, Concl usi ons
A two-stage inverter is developed in this research. The
operation of proposed inverter is analyzed properly.
This converter has two parts. The first part is a boost
DC-DC converter. The DDC converter with stepp
voltage gain is widely employed for vau® uses, like
PV energy conversion systems. The second part of the
two-stage inverter is the multilevel inverter that
generates highuality voltage by using few numbers of
switches. In fact, the paper proposed-stage inverter
according to high gain DOC converter and multilevel
inverter for energy conversion in DG systems. The
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multi-stage inverter has some advantages as improving [14 M. R. Banaei ,flyitg.cap&itolscascaged “ T wo

t lit ina hiah in sub-multilevel inverter _With five Switches for DC/AC
the output voltage and curren quaiity, using high ga conversiori, GU J Sci, vol. 25. no. 4, pp. 87886,

DC-DC converter, using a multilevel inverter. 2012.

Simulation and expemiental results demonstrate the [15 P. Thounthong, A. Luksanasalk P. Koseeyaporn, B.

proper execution and feasibility of the developed DSViS, " |Int¢||fig<3|nt n?|0derase? C?ntf?rl of a standalqtne

. : photovoltaiefuel cell power plant with super capacitor
topology. Photovqltam engrgy is clean and renewable. energy stax g dEEE Trans. Sustain. Energyol. 4. no.

In recent years, its applications have attracted much 1, pp. 246249, 2013.

worldwide attention. Therefore, the design of solar [16] J. A. P. Lopes. C. LMoreira and A. G Madureira,

i “Defining control stategies for microgrids islanded
panel energy stems is a very popular research area. oper alEEEoTmans Power systvol. 21, no. 2, pp.
916924, 2006.
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