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ABSTRACT Google little box challenge competition attracted high interest to problem of size and cost reducing of the converter as a
part of photovoltaic power supply system. One of the ways is find a proper topology of the inverter. Selected for analyze solution is
interleaved inverter. The assumption is made that the energy in passive component is in proportion through the inductor current. The
reducing of the energy in passive component is expected for the selected solution. Selected schema consists of three main functional
blocks. The first one is parallel boost converter with interleaving of switch control signal. The second part is an active decoupling
circuit. Its main role is reducing of power pulsation on input of the inverter. And the third part is single phase interleaved inverter with
output LCL filter.For estimation of energy reducing conventional solution also was considered. As conventional solution boost full
bridge inverter with active decoupling circuit was selected. It consists of the same functional parts without interleaving switch control
signals. The main goal of this paper was the definition and presentation the efficiency of boost interleaved inverter with active
decoupling circuit in field of size and value optimization for inductors. Two models are made for simulation of both schemas. As
simulation environment PSCAD version 4.5 is used. Both schemas have the same parameters: input voltage 150 V, output power 1 kW,
switching frequency 50 kHz.

Key words: parallel boost converter, interleaved inverter; active power decoupling circuit; power inverter.

MOPIBHSUIBHUI AHAJII3 IHBEPTOPA HA OCHOBI APAJIEJIBHOI CTPYKTYPH
YEPI'YBAHHSI ®A3 3 HIJCUJTIIOBAJIbBHUM KACKAZIOM I AKTUBHUM
JJAHIIOKKOM 3I'JIAJIZKYBAHHA ITYJIbCAIIN BXITHOI IOTYKHOCTI

A.II. ®ECEHKO’, O. O. MATIOLIIKIH, O. O. 'YCEB

Kagheopa Giomeouunux padioereKmpoHHux anapamie ma cucmem, YepHici@CbKull HAYIOHANLHUL MEXHONO02IMHUL YHIgepcumen,
Yepnicie, YKPAIHA

AHOTALIA [lana cmammsa npedcmagiusc pe3yiomamu NOPIGHAHHA MoOenell iHeepmopa 3 (Pazosum nepekpummsim CUSHAaIié
KepyeamHs, nepemsopiosavem, wo RNiOSUWYE Md AAHYIONCKOM pPO36 A3KU AKMUBHOI NOMYICHOCMI 3 MOCMOBUM IHEEPMOPOM 3
nepemeopiosauem, wo niosuwye. Ilopisnanna naeedeno O0iia 8IOHOCHUX 6eUYUH eHepeill 6 NAcueHUX Komnowenmax. Poszensmyma
HO6A MONONO2IA CMABUMb 3a Memy 3MeHWeHHs eHepeill 6 NACueHUX Komnowewmax. L{a cucmema pospaxosana Ha GuXiOHY
nomyoicnicms 1 kBm ma wupokuil dianazon éxionoi nanpyeu. Haeeoeno pezynomamu po3paxyHky KOMNOHeHMIE ma pe3yibmamu
MOOENIOBaHHSL.

Kniouogi cnosa: napanenvnuil nepemeoplosay, wo nioguwiye; ingepmop 3 Qazoeum nepeKpummsam CUSHANi8 Kepy8anHs, NAHYIONCOK
PO36 ’A3KU AKMUGHOI NOMYICHOCMI, iH8epmMOp.

Introduction
. M 3 . _> |
With the awareness of mankind of his ' Charge
responsibility for environmental degradation decrease Controller Inverter

the part of renewable energy sources. Important kind
of that’s sources are solar energy systems. And one
of the types of these systems is solar power supply
system for housekeeping. Structure of this system is

WH

shown in Fig. 1.

The photovoltaic panel provides conversion
energy of solar light into electrical energy. Charge
controller control process of storage energy. The
battery provides storage energy. Inverter provides
converting energy of direct current into energy of
grid alternating current.

Fig. 1 — System structure

The one of the actual problem is a design of
small, cheap and high-power inverter for such
system.

The Google Little Box Challenge (GLBC)
demonstrated extremely high interest to the topic of
high-power density inverters for Photovoltaic (PV)

application. It demonstrated that extremely high
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power density of a power electronics converter is
achievable 0.

One of the GLBC project outcomes is a
concept of extremely high power density converter.
The finalists demonstrated similar approach. It
includes one full-bridge interleaved inverter, active
decoupling circuit and output EMI-filter.

The modern level of technics puts forward
new requirements and opportunities for designers.
New active components deprived some disadvantages
and have some interesting features. In general, active
components are becoming smaller, cheaper, more
high-frequency, less losses. At the same time, passive
component remains at the same level. Systems with
many switches are promising. On the other hand,
modern level of microcontrollers, DSP, FPGA
provides implementation of the very complicated
control systems with small expanse.

The interesting method to increase output
voltage and reduce ripple is using boost converter
with two parallel inductors [3]. The advantages of

such schema are small input current ripple and
reduced conduction losses.

High voltage SiC MOSFET switches can
ensure fast switching and acceptable losses [4].

Proposed solution assume high voltage (3,3 kV) for
two phases interleaved inverter with zero voltage
switching.

Usually, discussed three-phase interleaved grid
connected invertors [5]. Such schema consists of
three parallel full-bridge three-phase inverter and LCL
output filter. Control system includes three DSP, each
one for his phase. For grid connected systems was
proposed single stage boost interleaved inverter [6].

Discontinuous space vector modulation (SVM)
is interesting and perspective control methods not
only for three-phase systems [7]. Grate achievement
for three-phase systems is generation a zero-sequence
excitation to the system.

Usually, different active power decoupling
circuit used in the rectifiers [8-10]. In these schemas
decoupling circuit located between rectifier and load.
His function is reducing pulsation in the output
voltage. There many different type of decupling cells,
such as boost type, buck type, buck-boost type, H-
bridge with inductor or capacitor, parallel and series,
[11-12]. Some systems have two active power
decoupling cells. First is on the ac side, secondis
onthe dc side [13]. Active decoupling using in quasi-
Z sources with hysteresis current control is shown
here [14]. Decoupling cell include RLC passive
component and two switches.

Similar approach was proposed for multilevel
quasi-Z inverter [15]. Inverter consists of two full-
bridges. Each one has additional circuit from two
switches and LC passive component. That cell was
included parallel to the bridge and the load.

The review and comparisons of different types
of the power pulsation buffer (PPB) in dc-ac
converter systems was represented in [12]. Five types
of PPB were compared: notch filter, buck and boost,
flying capacitor, stacked capacitor approach. Applying
the buck circuit was recognized as the most effective
solution for such systems.

The goal of the work

The main goal of this paper is comparison of
boost interleaved inverter with active decoupling
circuit and boost full bridge inverter in the field of
passive component energy in terms of efficiency and
size of passive components.

Selected solution

The boost interleaved inverter with active
power decoupling ms selected for simulation. It
consists of three main functional parts. Each one will
be detail reviewed further in this paper.

The new approach is compared with
conventional solution — boost full-bridge inverter with
active decoupling circuit. Both schemas presented in
Fig. 2. Where proposed solution is highlighted with
grey color and conventional represented with black
color. Both variants include three similar blocks.

A. Boost converter

Selected solution contains boost converter due
to input voltage reregulation. That’s why system
needs circuit for increased voltage. Converter with
two parallel inductors is chosen for simulation.

The work of this circuit based on energy
storage in inductor and extraction this energy to the
load. Switches control system algorithm provides
stabilization of the output voltage. Because input
source is photovoltaic panel, input voltage may
change in wide range and input voltage of inverter
must be stabilize.

In the proposed schema the inductors L, and L, are
equal L; = L,. The input current [16] can be calculated
by the input voltage and power (1).Where input and
output power are equal.

Viv )

The indictor current may be expressed by (2):

Tsy Tsy
] V, V,
Al, = I ﬂdtzj‘—m dt=—"C.Tgy
dt L L
0 0 , (2)

where T is the switching period.
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Fig. 2 — Considered solution

The inductance of the de-dc boost converter can be
expressed through the current ripple factor K;:

) 3)
One unit of the inductance corresponds to the

i v . o
conditionV,, = %, where f is switching frequency.

2

L= VPL
4'PBOUT'fS'KL, 4)
The inductance is expressed as:
L =L- 8'Vuv2 '(V1;1, —Vin)
VPL , (5)
Voltages on the capacitors are described as:
v Ve _Vu
c1 -
S (©)
The capacitor voltage ripples are:
Tsy
1 P,
AV, =— Ii dt = —8ovr . T
cTC c () V.. -C sV
0 ’ (7

The capacitances of the dc-dc boost converter can
be expressed through the dc voltage ripple factor Kc:

AV,

— 2-Pyour .
Ve Ve Voc-C- fs

Ke= ®)

One unit of the capacitor corresponds to the

Vin :Vi

condition 2

_ 2'PBOUT
VPL2 'fs 'KC , (9)

In this case capacitances will be according to the
following equation:

Ve, =Viy

C =C- (10)

VPL

B. Active power decoupling )
Active power decoupling circuit performs function

of pulsation buffering. The work principles based on
storage and extraction energy in passive LC-circuit for
compensation voltage pulsation on the input of inverter.

C. Interleaved inverter

The inverter provides converting energy of dc into
energy of grid accurrent. Selected for consideration
solution consist of interleaved inverter.

The main fiche of this type of inverter is using two
bridge schemas for single-phase system Fig. 5. The first
bridge (switches 5-8) and second bridge (switches 9-12)
is working similarly, with inverse control signals.

Switches 5, 6 and switches 7, 8 work with phase-
shift control signals. Value of this shift is half period of
switching signal. It allows decreasing current across each
one switch and inductor. The load current summed up into
load from two components.
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This type of inverter is selected because it has
some significant advantages for photovoltaic systems.
The main advantages are: lower switch and

inductor current, smaller and cheaper passive
component and switch, lower loses in passive
component. The main disadvantages are: difficult
control system, more switches, higher loses in
switches.

Calculation of output LCL-filter elements were
done using voltage distortion approach [16].

Simulation results

Input voltages for selected and conventional
schemes are 150 V, output voltage 220 V, 50 Hz.
Switching frequency 50 kHz. Output power 1 kW.

Input current and inductor L1 current presents
in Fig. 3. As it can be seen, the current pulsation is
lower than 2.9%. That’s meets the requirements.
Inductor L1 current similar to inductor L2, because
switches 1 and 2 works with inverse control signals.

The simulation is done in PSCad version 4.5.
The passive component values for both schemas are
presented in Table 1. The simulation is done for the
active load.

Table 1 — Passive components value

Component Value
Interleaved | Full-Bridge

Cl 1.6pF

C2 150 pF
C3 0.66 uF 10.0 uF
L1,1L2 1.54mH 3.24 mH

L3 5SmH
L4,L5,L7,1L8 12pH | 2.4 mH

L6 66uH

L9 20 uH

The values of passive components are taken
with a margin. In future works it will be optimized.

DC-link voltage is taken from CIl. Voltage
pulsation is less than 8.9%. That’s meets the
requirements, that the pulsation must be less than 20% in
Fig. 3.

Input, dc-link and output voltages are shown
in Fig. 4. Total harmonic distortion of the output
voltage less than 3,6 %. That’s meets the
requirements, that the pulsation must be less than
5 %.

One of the features of interleaved inverter is
output inductors current that is shown in Fig. 5. As
shown on diagram, inductors current has some shift.
And load current is the sum of these two
components, each on is lower than the sum of them.

lin IL1
10
8
<
g
£
=3
S
130 135 140 145 150 155
Time(ms)
Fig. 3 — Input and inductor L1 current
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Fig. 4 — dc-link, input and output voltage.
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Fig. 5 — Inductor L4, L5, output current

For comparison of energy in  passive
components, conduction loses; voltage drop on active

components diagram is shown in Fig. 6. This
case includes simulation results for both solutions
under the same initial condition.
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—— Boost Interleaved inverter

Full-bridge inverter

Fig. 6 — Energy comparison diagram

Represented results improved initial assumptions.
New approach reduced energy in inductors almost on
30%.

Conclusions

Interleaved inverter is acceptable solution for solar
power supply systems. It has some significant advantages,
such as lower one switch current, smaller and cheaper
passive component. His disadvantages partially
compensated with modern state of element base.

Initial assumptions are verified by simulation
results. Boost interleaved inverter provide energy
decreasing in inductors by almost 30%. This leads to the
size decreasing of inductors and device at all. Also an
advantage of such solution is the cost decreasing, because
inductor for smaller current needs less copper and is
cheaper.
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AHHOTAIIUA Jlannas cmamesi npedcmaegisiem pesyibmamsl CPAGHEHUs MOOelell UHEepmopa ¢ (Pazo8biM nepekpvlmuem
CUSHANO8 YNPAGICHUs, NOGLIUAIOWUM NpeodpazosameneM U UYenoukol pa3zesasku  aKMueHOU MOWHOCMU €  MOCHOBbIM
uneepmopom ¢ nogviwarowum npeoopaszoseamenem. CpasHenue npueeoeHo O OMHOCUMENbHBLIX 6EIUYUH  dHEpeull 6
naccusHvlx  Komnowewmax. Paccmompenas nosas  mononocus  cmasum — yeavio  YMEHbUeHUs dHepeull 8  NACCUBHLIX
KOMNOHeHmax. Oma cucmema paccuumana Ha 6bIXOOHYI0 MowHocms 1 kBm u  6oree wupoxuil Ouanason 6xo0H020
Hanpsicenus. [lpusedenvl pe3ynvmamul pacuema KOMHOHEHMOS U pPe3yabmamsvl MOOeIUpOSaHUsL.
Knrouesnvle cnosa: napannenvHulil noguluarowull npeoopazosamens, UHEePmMop ¢ (Paz08biM NEPEeKPblmueM CUSHAL08 YNPABIeHUs,
YenouKa pasesisKu aKmusHOU MOWHOCMU, UHBEPIOP.
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