TEXHIYHI HAVKM TA TEXHOJIOTIi Ne 4 (10), 2017

TECHNICAL SCIENCES AND TECHNOLOGIES

UDC 621.3.08
DOI: 10.25140/2411-5363-2017-4(10)-147-153

Oleksiy Krasnozhon, Roman Shevchenko,
Oleg Khomenko, Oleksandr Veligorskyi

REVIEW OF HIGH STEP-UP DC-AC POWER ELECTRONICS
SOLUTIONS WITHOUT GALVANIC ISOLATION

Urgency of the research. Energy storage technologies are heavily related to electric vehicles. The fast charging station
together with the wireless power station potentially makes the electric vehicle more attractive and user-friendly.

Target setting. The main problem in this area is the large size and low battery life, as well as the limited loading speed
of electric vehicles. It is also important to optimize power density with the greatest possible efficiency.

Actual scientific researches and issues analysis. The analysis of publications shows that a lot of attention has been paid
to this topic of research, there are a large number of publications by leading institutes and world-renowned scholars. There-
fore, in the current article, a comparison of two main families of non-isolated converters with reference to articles and do-
mestic scientists is also shown. The first family, based on one-step solutions, is presented and classified. Also shown is an
analysis of two-stroke converters based on the intermediate DC converter with a high increase.

Uninvestigatigated parts of general matters defining. Many problems with the power industry should be solved to in-
crease the implementation of technology and accelerate the transition from traditional charging to electric mobile charging
stations. In the case of a simplified solution without the use of galvanic isolation and the use of low voltage batteries, the gain
of the DC converter of the converter plays a very important role.

The research objective. The main task of this work is to review high-frequency DC converters without galvanic isolation
to charge the battery from the network.

The statement of basic materials. In the analysis of solutions based on single-stage dc converters and the review of to-
pologies, it was found that among the several groups of impedance networks most suitable for use are high-gain networks
based on magnetic connected inductive components or a transformer. With proper implementation, this will result in an in-
crease in the voltage gain through the rotational factor. The same circuitry based on an inverter with a Z-Source Inverter
(ZSI) and a SEPIC converter, even with more modified solutions, is limited in practical implementation and operation. These
circuits contain many passive components and have additional losses in semiconductors.

In the review of two-level DC converters with a high degree of amplification without galvanic isolation on the basis of high-
frequency DC converters, a review and comparison of several solutions was performed. The most interesting circuit is a
switched capacitor bidirectional converter consisting only of semiconductor switches and capacitors. An efficiency ratio ranges
from 95 to 98.5 % over the entire download range. The intermediate concept of this solution has become quite popular in recent
years, thanks to such benefits as high efficiency over a wide range of loads, reduced conduction losses, high power density.

Conclusions. High step up dc-ac converters are one of the key elements for battery charging from the grid. They pro-
vide a flexible power processing interface between energy storage device and the rest of system. Two main families of non-
isolated converters are considered. The first family based on single-stage converters can be interesting because of reduced
amount of elements. At the same time the complex control is a disadvantage.
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Problem definition. The topic of energy storage technologies strongly linked with electrical
vehicles. The main problem in this field lies in the large size and low lifetime of the batteries along
with limited charging speed of the electrical vehicles. The second problem relates only to power
electronics issues. This topic is under investigation. The fast charging station along with wireless
power station potentially makes an electrical vehicle more attractive and user friendly [1].

At the same time, many power electronics problems should be solved to increase ac-
ceptance of the technology and accelerate the transition from traditional to electrical mobility.
In case of simplified solution without galvanic isolation and low voltage batteries utilization,
the boost factor of dc-ac converter plays a very important role. Another issue lies in power
density and efficiency optimization.

The main goal of this paper consists in overview of high gain dc-ac converters without
galvanic isolation for storage battery charging from the grid. There are two types of convert-
ers that can be underlined. Fig. 1a shows the single-stage dc-ac converter, while the fig. 1b
shows the general structure of two-stage the dc-ac converters.
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Fig. 1. a) single-stage dc-ac converter b) two stage dc-ac converters

Single-stage dc-ac converters The first solution of single-stage solution is Active Boost
Cell (ABC) At the beginning, the buck-boost two-level inverters derived from the SEPIC dc-
dc converter have been successfully developed for bidirectional power conversion with
special voltage boost circuitry added between the dc source and the inverter circuitry [2].
Since the auxiliary transistors are used in the boost circuit, in order to distinguish this
approach from the passive impedance network application it will be called ABC.

Fig. 2a shows conventional Cuk-derived topology for single input voltage source. In this
topology, a voltage boost circuit is made up of inductor L,, two switch S; capacitor C;. This
boost cell is inserted between the dc source with reversed polarity and inverter. Besides
inductive boosting, the turning ON of the switches causes also C; to act as a split dc-link
capacitive bank for powering the inverter.
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Fig. 2. a) single-stage Cuk converter b) single-stage SEPIC converter

Fig. 2b shows buck-boost SEPIC-derived topologies for single input voltage. In [2] a
bidirectional buck-boost rectifier was proposed with a symmetrical passive network and a
single dc switch inserted, which was derived from either the Cuk or SEPIC dc-dc converters.
The boost-buck concept can be further modified with an unsymmetrical front-end structure
for power inversion.

For properly controlling the buck-boost operation, the second state (when both transistors
are OFF) should be inserted in the zero intervals because both generate zero line voltages, and
therefore a specific modulation scheme is designed and discussed in the following chapters
for this circuit.

Z-Source Inverter (ZSI) proposed by F.Z. Peng in 2002 [3]. This unique circuit has different
areas of application: energy generation systems with renewables, systems without energy stor-
age and with energy storages, grid connected systems and many other systems. These applica-
tions are possible due to the extended regulation range of the input voltage of that converter [4].

Modifications based on the above schemes are shown in Fig. 3[5]. The most common meth-
od is to use a switched inductor, as shown in Fig. 3a. This is derived by replacing the inductor
L, in the gZSN by one of the switched inductors, shown in Fig. 3¢Ommuoka! UcTrouHuk ccbli-
ku He HalgeH.. The second type of modification called capacitor assisted extended boost
(CAEB) is shown in Fig. 30 and modified capacitor assisted extended boost (MCAEB) is
shown in Fig. 3c. CAEB is derived by adding one diode (D), one inductor (L3) and two capaci-
tors (Cs and Cy) to the traditional qZSI. MCAEB is derived from the CAEB qZSI by changing
the connection points of the capacitors C; and C;
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Fig. 3. Impedance network modifications. a) switched inductor,
b) capacitor assisted extended boost,; c) modified capacitor assisted extended boost;
d) diode assisted extended boost, e) modified diode assisted extended boost

The third type of modification called diode assisted extended boost (DAEB) is shown in
Fig. 3d, and a modified diode assisted extended boost (MDAEB) is shown in Fig. 3e. DAEB
is derived by adding one capacitor (C3), one inductor (L3) and two diodes (D; and D3) to the
traditional qZS1. MDAEB is derived from the DAEB qZSI by changing the connection points
of the capacitor C;. These modifications can produce infinite boost. However, this cannot oc-
cur in practice due to losses. Out of the modifications, CAEB is preferable, since it requires
fewer semiconductor devices. Therefore, the circuit may have lower power losses.

All of these modification types are limited in practical solutions. These schemes contain
many passive components and have additional losses in the semiconductors.

Impedance networks can be subdivided into the several groups. The most suitable for high
step up application are based on magnetically coupled inductive components or transformer
(Fig. 4). Its implementation in the ISN can result in higher voltage boost factor due to the
turns ratio. LCCT Z-source circuit is an inductor-capacitor-capacitor-transformer Z-source
circuit. LCCT Z-source and quasi-Z-source circuits are shown in Figs. 4a and 4b, respective-
ly. These schemes include a high frequency ideal transformer.

LC CT Z-source LCCT quasi-Z-source
(@) ()
N, 1 N3
Viw Vo
’ T
I-Z-source Y-source TZ-source
(c) (d (e)

Fig. 4. Impedance networks suitable for high step up application:
a) LCCT Z-source; b) LCCT quasi-Z-source; c) I-Z-source, d) Y-source,; e) TZ-source
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I'-Z-source network contains a transformer. The circuit is shown in Fig. 4¢. T-Z-source
network scheme contains magnetic components and is shown in Fig. 4d. Finally Y-source
network belongs to the schemes with magnetically coupled components is shown in Fig. 4e.
Two-stage dc-ac converters based on the high step up dc-dc converters is the second
possible solution [6]. Fig. 5 shows several possible dc-dc converters with high step up capa-
bility without galvanic isolation.
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Fig. 5. High step up dc-dc converters:
a) high step-up/step-down bidirectional dc-dc converter, b) Cuk-based converter;
¢) The switched capacitor bidirectional converter, (d); interleaved charge-pump topology;
(e) tapped-inductor based converter

In [7] 1s proposed high step-up/step-down bidirectional dc-dc converter (Fig. 5a) in which
the coupled inductor L. is used. This converter is a combination of the conventional buck-
boost and a voltage doublers cell. In some region, it is possible to realize zero voltage switch-
ing. In [8] is presented the study and simulations of a new family of symmetrical hybrid mul-
tilevel inverters based on Cuk (Fig. 5b) and Zeta converters, that are able to high step
up/down voltages. The switched capacitor bidirectional converter proposed in [9] and shown
in Fig. 5¢ 1s composed of only semiconductor switches and capacitors. The prototype of the
converter is presented in the paper, 75 kHz switching frequency is selected, the battery volt-
age is equal to 20 V, the output voltage is equal to 173 V and overall power is 100 W. The
reported efficiency is from 95 to 98.5 % in all load range. Interleaved concept became quite
popular in recent years due to such advantages as high efficiency in wide load range, reduced
conduction losses, high power density. The interleaved charge-pump topology (Fig. 5d) is an-
alyzed in [10]. It has two times higher conversion ratio over conventional half-bridge topolo-
gy, but because of schematic limitations duty cycle on switches 7/ and 74 cannot be smaller
than 0.5. Finally, the tapped-inductor based solution is shown in Fig. Se [6]. It is compatible
solution due to the turn’s ratio of inductors. It should be noted that as any similar solution it
may suffer from voltage and current spikes across semiconductors.

Conclusions. High step up dc-ac converters are one of the key elements for battery charg-
ing from the grid. They provide a flexible power processing interface between energy storage
device and the rest of system. Two main families of non-isolated converters are considered.
The first family based on single-stage converters can be interesting because of reduced
amount of elements. At the same time the complex control is a disadvantage.
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OI'JISII DC-AC PIIIEHDb CUJIOBOI EJIEKTPOHIKHA BE3 I'AJIbBAHIYHOI
130JIA111 3 BACOKHM KOE®IIIEHTOM IIJICAJEHHS

Axmyanvnicme memu docnioxncenusn. Texnonoeii 30epicannsi enepzii cunbHo NO8'A3ami 3 eleKMPULUHUMU MPAHCHOPI-
Humu 3acobamu. Cmanyis weuoKoi 3apsoKu pazom iz 6e30pomogoio cmanyicio nepeoayi enepeii nomeHyitiHo pooums enex-
MPUYHULL MPAHCROPMHULL 3ACi0 DinbW NPUBAOIUBUM MA 3PYHUHUM OJIsL KOPUCTTYB8AYd.

ITocmanoexa npoonemu. Ocnosna npobrema 8 yiil 2aiy3i NOAALAEC Y BEIUKUX POIMIPAX MA HUZLKOMY MEPMIHI Cycou
bamapeil, a makoxic oOMedNceHitl WeUOKOCMI 3a8AHMANCEHHA eNeKMPUYHUX mpancnopmuux 3acobis. Taxkoowc eaxciuea on-
mumizayis winbHOCmi enepaii npu aKomoza Oinbuii egheKkmusHoCmi.

Ananiz ocmannix 0ocnioxncens i nyonikauin. Ananiz nyonikayiv nokasye, wo oauiti memamuyi 00CIONCeHb NPUOLTEHO
bazamo yeaeu, € 3Ha4Ha KilbKicmb nyonikayit nposionux incmumymis i ececgimnvosioomux guenux. Todc y nomouniti cmammi
NOKA3AHO NOPIGHSIHHS 0BOX OCHOBHUX CIMELICS HEi30IbOBAHUX NEPEMBOPIO8AHia i3 NOCUNAHHAM HA CIAMMI | GIMYUZHAHUX Ye-
Hux maxodic. Ilpedcmasneno i knacughikosano nepute cimelicmeo, 3achosane Ha 0OHOMAKmMHux piwennsx. Takodc nokazanui
auaniz 080XMAKMHUX NEPEMBOPIOBAUi6 HA OCHOBI NPOMIHCHO20 NEPEMBOPIO8Atd NOCMIUHO20 CIPYMY 3 6UCOKUM NIOBULYEHHSM.

Buoinenns nedocnioscenux wacmun 3azanvnoi npoénemu. bazamo npobnem 3 enekmpoenepeemuroio mae oymu gupiuie-
HO 07151 3011bULEHHSL BNPOBAOIICEHHSI MEXHONO02I] Ma NPUCKOPEHHS nepexody 8i0 Mpaouyitinoi 3apsoku 00 eleKmpudHux Moobinb-
HUX 3apAOHUX cmanyit. Y 6unaoky cnpouyeno2o piuients 6e3 6UKOPUCMANHs 2anb8aHIYHOL I301AYil Ma GUKOPUCIAHHS HU3bKO-
sonbmuux bamapetl, Koepiyicnm niocunenHs NOCMItiHO20 CMpyMy NEPemBopIo8aya 8idiepac dyice 8adiCIUGY POlb.

ITocmanoeka 3ae0anns. Ocrognum 3a60aHHAM Yi€i poboOmu € 02180 UCOKOYACTOMHUX NEPem8oplo8ayie NOCMItIHO20
cmpymy 6e3 eanb8aniyHol i301ayii 015 3apsAOANCAHHI AKYMYIAMOPA 8i0 Mepedici.

Buxnaoenns ocnoenozo mamepiany. Ilpu ananizi piwens Ha 0CHO8I 0OHOCHYNEHESUX NePemBopIo8ayax NOCMIUHO20
cmpymy i 02na0i mononoeiii 6yno 8UAGIEHO, WO 3-NOMIJIC OEKIIbKOX PN IMNeOaHCHUX Mepedc Haubinbu npudamui Ons 3a-
CMOCYBAHHS € MePediCT 3 BUCOKUM CHyNeHeM NIOCULeHHs. HA OCHOGI MACHIMHUX 3'€OHANUX THOYKMUBHUX KOMNOHEHmMI8 abo
mpancgopmamopa. Ilpu npasunvuiii peanizayii ye npusgede 0o nioguyents Koegiyicnma niocunents Hanpyau uepes Koegi-
yicnm nogopomy. Knacuuni sc cxemu na ochosi ingepmopy i3 imneoancnoro nankoro ma SEPIC nepemeopiosaua, nagimo i3
binvw Mooughikosanumu piwiennamu, obmediceni npu npakmuynii peanizayii i excnayamayii. Lfi cxemu micmame b6azamo
NACUBHUX KOMROHEHMIG | MAlomb 000amKO8i 6Mpamu 6 Hani6NPOBIOHUKAX.

Tpu 02ns10i 0sopisHesUX nepemeopIo6ayie NOCHIIIHOZ0 CMPYMY 3 BUCOKUM CHIYNEeHeM RiOCUuneHHs 6e3 2anb8aniuHol i30nayii na
OCHOBI BUCOKOYACHOMHUX NePemBopIo8atie NOCMINHOZ0 CIPYMY NPOBEOEHO 02150 | NOPIGHAHHA OeKinbKoX piutensb. Haubinvw
YIKABOI0 CXeMOI0 € OBOHANPABGTEHUL NEPEMBOPIOBAY 3i 3MIHHUM KOHOCHCAMOPOM, WO CKIA0AEMbCsl MINbKU 3 HANIGNPOGIOHUKOBUX
nepemuxauie ma konoencamopie. Ilokasnux egpexmusnocmi cmanosums 6i0 95 00 98,5 % na écvomy dianazoni 3a6anmagicennsi.
TIpomidicha Konyenyis ybo2o piuients cmana 00CUmMb NORYIAPHOIO 8 OCMAHHI POKU 3a805KU MAKUM NEPeBAzaM, K GUCOKA edek-
TMUBHICTb 6 WIUPOKOMY OLaNa30HI HABAHMANCEHb, 3HUIICEHHSL GMPA NPOGIOHOCHIE, BUCOKA UWLTILHICHIL NONYHCHOCIL.

Bucnoeku. B cmammi npogedeno 02110 nepemsopiogayis 0is 3apsaoKu aKyMynsamopa 8i0 Mepedici, npueeoeHo nopis-
HAHHS 080X OCHOBHUX CIMELICMS Hei301b0BAHUX NEPem8oplo8atis. BucokowsuoKicHi nepemeopiogayi nocmiiHo2o cmpymy -
ye 00uH 3 KIIOYOBUX eNeMeHMI8 3apsA0NCAHHS aKyMyIsamopa 6io mepedici. Bonu 3abesneuyioms enyuxuii inmepgetic nepem-
60peHHsl enepeii Midic npucmpoem 30epicanis enepeli ma inwioro yacmunoio cucmemu. Posensnymo 06i ocnosni epynu neizo-
Ibosanux nepemsopiosayis. Ilepwia epyna na 6asi 00HOCHYNneHegux nepemsoposayie Modxce Oymu Yikagoio uepes smMeHuleH-
H5l KITbKOCMI efleMenmia. Y moil dce uac Hedonikom maxkux cucmem € CKAAOHUll KOHMpO.ib.

Knrouogi cnosa: sucoxuii xoeghiyicum niosuwenns, nepemsopiosay; 3apso bamapei.

Puc.: 5. Bioa.: 10.
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OB30P DC-AC PEHIEHWI CUJIOBOM SJIEKTPOHUKH
BE3 T'AJIbBAHUYECKOM M30JISIIIUA C BBICOKUM
KO2®PUIMUEHTOM YCUJIEHUSA

B smoii cmamve paccmampugaiomcst npeobpazogamenu O 3apsaoKu akkymyasmopa om cemu. Ilokazano cpasnenue
08YX OCHOBHBIX CeMelCmE Heu30aUPOBaHHbIX npeobpazosamencil. Ilepsoe cemelicmeo, 0CHOBAHHOE HA OOHOMAKMHBIX peuie-
HUAX, npedcmasneno u kiaccuguyuposano. Takoice nokasanvl npeobpazoeamen 8mopo2o Muna Ha OCHOBE NPOMENCYMOY-
HO20 npeobpazosameins NOCMOIHHO20 MOKA C 8bICOKUM nogviuienuem. TIokazanvl 0CHOBHbIE NPEUMYWECIBA U HeOOCAMK.

Knrouesvie cnosa: svicokuii kodgguyuenm nogwiuwenusi; npeobpazosamens, 3apad bamapeu.

Puc.: 5. buébn.: 10.
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