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Tém tét - CAu hinh nghich Iwu ting ap mét pha cé loi thé hon so véi
c4u hinh nghich Iwu ngudn-Z bdi vi né stir dung it hon mét tu dién va
mot cudn cam. Trong bai bao nay, c&u hinh nghich Ivu tang ap mot
pha duoc st dung dé ghép tang da bac, tao ra mét cau hinh ghép
tang nghich lvu mai. Dién &p trén thanh cai DC trén mdi module
dwoc didu khién thong qua ty s6 ngén mach trén méi module dé dat
duoc gia tri bang nhau. Do do, cau hinh ghép téng dé xuét giai quyét
dwoc van dé mat can bang dién ap trén thanh cai DC trong cau hinh
ghép tang nghlch lwu truyen théng. Mot giai thuat dich pha sine PWM
dwoc d& xuat dé diéu khién cac module trong ghép tang da bac
nghich lwu tang ap dwoc trinh bay. Phan tich ly thuyét va nguyeén ly
hoat dong duworc trinh bay. Cac két qua ly thuyét sé duoc kiém chirng
trén phan mém mé phdng PSIM va thyc nghiém trén mé hinh diéu
khién béng kit DSP TMS320F28335.

T khéa - nghich luu; ghép tang; ting ap; diéu ché dich pha PWM; mé
phoéng PSIM; DC-link.

1. Dit van d@é

Dé khai thac mot cach c¢6 hidu qua nguon nang lu(mg
tai tao (ning luong mai), thi viéc nghién ctru che tao cac
bd nghich Iru co6 cau hinh mai, mang lai hiéu suit va hiéu
qua kinh té cao 1a quan trong va can thiét. Trong cac hé
quan 1y ning lugng, nhit 1a cac hé ning lugng trung thé
hién nay, cac bd nghich luu nguén ap da bac mang lai mét
giai phap hiéu quéa vé chi phi [1]. Hién nay c6 thé noi, tdn
tai 3 cAu hinh chung co ban ctia cac bd nghich Iuu da bac,
d6 1a: Céu hinh da bac NPC (Neutral Point Clamped)[4],
Céu hinh da béc tu kep (Flying capacitor inverter)[5] va
cdu hinh da bac Cascaded H-bridge [2]-[3], [6]-[8]. Ciu
hinh NPC (nhu chi ra trong Hinh 1) v6i cac vu diém la: bo
nghich luu 4p da bac dung diode kep cai tién dang song
dién ap tai va gidm sy tang vot dién ap trén linh kién n lan.
Véi bd nghich luu da bac NPC, dién ap trén linh kién va
tan s6 dong ngit giam di mot nira [4]. Tuy vay, khin > 3,
murc d§ chiu gai ap trén cac diode khac nhau. Ngoai ra, can
bang dién ap gitra cac ngudn DC (ap trén tu) tré nén kho
khin, dc biét khi sb bac lon.

Uu diém chinh ciia bo nghich luu da bac cau hinh ty
kep FC nhu chi ¢ Hinh 2 1a: Khi tan sd tang cao thi khong
ding bo loc, ¢6 thé diéu tiét cong suat tac dung va cong
suat phan khang, tir d6 co thé diéu tiét dugc phan bd cong
suat trong ludi dung bién tan.

Tuy nhién, b nghich luu nay co sé luong tu cong suét
16n tham gia trong mach nhiéu, dan dén gia thanh ting va do
tin cdy giam; viéc diéu khién khé khan khi sé bac nghich luu
tang cao. So v6i cau hinh nghich lwu da bac NPC va FC thi
nghich Iuu da bac kiéu cascaded (Hinh 3) ¢6 nhiéu wu diém
hon vé cong suat va dién 4p ngd ra. Khong nhing vay, bo
nghich Ivu da bac kiéu cascaded con c6 thé dat duge do tin
cdy cao hon vi n6 duoc ghép ndi tir cac module riéng 1é véi

Abstract - The single phase switched boost inverter has the
advantage over the Z-source inverter in reducing one capacitor and
one inductor. In this paper, the single phase switched boost inverter
is applied to cascade H-bridge topology (CHB) to create a new
cascaded inverter. The DC-link voltage of each module is
controlled by individual shoot-through duty cycle to get the same
values. As a result, the proposed cascaded system solves the
imbalance problem of DC-link voltage in traditional CHB inverters.
An improved phase of pulse width modulation strategy is shown to
control the proposed cascaded five-level inverter. An analysis of
operating theory and principles as well as simulation results by
PSIM software are also presented. A prototype based on a
TMS320F28335 digital signal processor is built to verify the
operating principles of the proposed cascaded five-level inverter.

Key words - Inverter; cascade; boost; PWM improved phase;
PSIM Simulation; DC-link.

nhau. Diéu nay cling thuc sy thuén tién cho viée thiét k&, san
xuat va bao tri cling nhu dat dugc hiéu suat cao.
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Hinh 2. Bo nghich luu ap dang kep tu

Hinh 3 biéu dién cdu hinh nghich luu cascaded 5 bac
truyén théng. Mbi module nghich luu cAu H str dung mot
dién ap thanh cai DC dé phat ra dién 4p & ngd ra. Dién ap
tong ngd ra co dugc bang cach tong cic dién dp ngd ra trén
cac module cau H. Dién ap ngd ra trén mbi module cau H ¢6



ISSN 1859-1531 - TAP CHi KHOA HOC VA CONG NGHE DAl HOC DA NANG, SO 9(106).2016 43

dang 3 bac: -Vdc, 0, +Vdc. Thiét ké ghép tang dang nay cé
mdt vai loi ich trong viéc st dung nguén doc 1ap va ghép
tAng nhiéu module H-bridge hon v6i nhau. Thém vao do,
dién ap ra b6 nghich luu ghep tang H-bridge co the dat dén
dién 4p trung thé va c6 nhidu mirc dién ap (co thé dat duogc
2n+1 muc), tu d6 1am giam kich thudce bd loc daurava giam
thiéu cac bd tang ap. Tuy nhién, cau hinh nghich luu da bac
cascaded truyen thong [6]-[8] 1a dang nghich luu giam ép,
nghia 14 tong dién ap DC cung cip ludn cao hon dién ap dinh
ctia dién ap xoay chiéu ngd ra. Bén canh d6 1a cc khoa ban
dan trén cing nhanh cla cau nghich lvu H khong thé dong
cung mot e boi vi khi d6 né sé lam ngén mach ngudén DC
cung cp, gy hu hai va mét an toan cho thiét bi.

Dé khic phuc nhimng han ché cta ciu hinh nghich luu
da bac cascaded truyén thong, nguoi ta da dé xuét bo
nghich luu ghep tang H-bridge nguon Z (9], [10]. Trong bd
nghich luu nguon Z cua tung module, gbém mot mach dién
Z gdm 2 tu dién va 2 cudn cam dugc ndi voi nhau hinh chir
X. Trang thai ngén mach (shoot-through state), tai d6 ca 2
dao mach nguon trong 1 nhanh dugc bat Ién cung 1 thoi
diém, duoc st dung dé tang dién ap vao. Két qua la béng
viée diéu khién ty s6 thoi gian ngan mach D, moi module
trong bo nghich luu nay c6 thé tao ra cing 1 dién ap mot
chiéu trén thanh cai DC 1a nhu nhau.

Tuy nhién, mdi module trong mach ngudn Z st dung 2
cudn cam va 2 tu dién lam tang kich thuéc va chi phi cua
hé théng. Mot bo nghich luu ting ap (switched boost
inverter) da duogc gidi thi€u trong [11] nhim giam kich
thude, trong lwong va chi phi cua cac by nghich luu nguon
ap. Trang thai ngan mach (shoot-through state- lap lai 2
lan) van dugc st dung dé tang ap, nhung b nghich luu nay
sir dung thém 1 khoa ban din va 1 diode so v&i bo nghich
lwu ngudn Z vi thé ma kich thudc va gia thanh van bat loi.
Trong [12] da dé xuét cau hinh nghich luu ting 4p mot pha
dé khac phuc nhiing nhuge diém cta bo nghich luu ting ap
truyén thong, bao gdém giam qua tai dién ap trén tu dién,
tang hé so tang ap va cai thién dong dién dau vao.
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Hinh 3. Cdu hinh bé nghich lwu cascaded 5 bdc truyén thong

Trong [13]- [15] co de cap, phan tich dén su anh huUng
cua tin hiéu gon song tin s6 2. Pién ap trén tu va dong
trén cudn cam ciing duoc tinh toan bao gdm ca hai thanh
phin mot chiéu DC va xoay chiéu tan sb thip 2.

Vi b nghich Iuu ting ap c6 nhidu wu diém hon so voi
b nghich Iuu ngudn Z nén bd nghich luu ting ap kiéu ghép
tang da dugc dé xuit. Bai bao nay gidi thiéu mot mo hinh
ghép ting nghich luu H-bridge méi dua trén bd nghich luu

tang ap trén co s¢ ghép cascaded cac module nghich luu
tang ap mot pha da trinh bay ¢ muc gioi thiéu. Bang viée
didu khién ty sb thoi gian ngan mach D, hé théng ghep tang
6 thé dat dugc mot dién ap trén thanh cai DC can bang.

2. Dé xuit cAu hinh b nghich lwu ting 4p mdt pha ghép
ting da bac
2.1. Nguyén ly hoat dong

Tur cAu hinh nghich luu ting ap ghép tang 5 bac kiéu
truyén théng, ciu hinh d& xuét 1a bd nghich huu ting ap kiéu
ghép 5 bac dugc minh hoa ¢ Hinh 4. Hé théng gdm co 2
nguon 1 chiéu DC, 2 module ting ap H-bridge va 1 tai thu
dong tro R ciing cudn cam L dé loc dién ap xoay chidu ngd
ra. Mdi ngudn DC ndi véi 1 module ting ap H-bridge. So
v6i module H-bridge thong thuong, mdi 1 mach ting 4p
chira thém 1 cudn cam, 1 tu dién, 1 khoa ban dan va 2 diode.
Dién 4p ra ctia bo nghich luu nay dugc tinh bang cach liy
téng dién ap dau ra & 2 module va ¢6 5 bac dién ap.

Dé phan tich 1am 16 nguyén 1y hoat dong, ta sir dung 1
module nghich luu ting ap mot pha trong cau hinh nay dé
minh hoa, phin tich nguyén 1y hoat dong mét cach cu thé.
Trang thai hoat dong cua b nghich Iuu tang ap mot pha
dugc don gian hoa trong cac trang thai ngan mach va trang
thai khong ngén mach. Hinh 5a va 5b 1a mach twong duong
mo ta trang thai hoat dong ctia by nghich luu ting 4p cua
cAu hinh. O trang thai ngin mach, nhu trong Hinh 5a, mach
nghich luu duge ngén mach bai ca 2 khoa trén va dudi cua
ting nhanh. Tong thoi gian trong trang thai nay la tich D. T,
voi D la ti s6 thoi gian ngan mach trong moi chu ky; M 1a
hé sb diéu ché cuia nghich luu cau.
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Hinh 4. Cdu hinh ghép tang bo nghich luu ting dp 5 bédc dé xudt
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Hinh 5. Mach di¢n twong dwong hai trang thai hoat dong; (a)
ngan mach va (b) khéng ngan mach
Trong sudt trang thai ngan mach, So m& con Dy va Dy
tat. Tu dién thyc hién phong, con cudn cam tich trit nang
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lwong. O trang thai khong ngén mach, nhu trén Hinh 5b, ¢6
2 trang thai tich cuc va 2 trang thai khong cua mach nghich
lwu doi voi cdu hinh mdt pha. Tong thoi gian ¢ trang thai
nay la (1-D)T. Trong subt trang thai khong ngén mach, Dy,
va Dy mo, con So tat. Tu dugce nap tir Ve, con cudn cam
truyén ning lugng tir nguon dién ap 1 chiéu toi mach chinh.

- Trong trang thai ngin mach minh hoa ¢ Hinh 5a,
ching ta c6 dugc cong thire (1):

Li— diy, =V, +V,
dt 1)
V
Clu = _i[nl
dt

- Trong trang thai khong ngan mach nhu ¢ Hinh 5b, ta
¢6 dugc cong thire (2):
di
Li=—t=y -
dt del

Cl—dVC1 =i
dt

cl
(2)
inl iPNl

Ap dung nguyén ly can bang dién 4p cho L; va C; &
trang thai xac 1ap, ta c6 cong thuc (3):

1
Va= Ver
1-2D 3)
. 1-2D .
Lyt = Slm

DPién 4p dinh trén thanh cai DC qua bd nghich luu dugc
trinh bay trong trang thai khong ngan mach dugc chi ra
trong cong thirc (4):

1
Vi =V = EVM 4)
Heé $6 tang ap cua nghich luu tang 4p 1 pha dugc xac dinh:
V
Bl_1 _ PNl __ L (5)
Ve 1-2D

Tir cong thie (5) ta nhan thiy rang hé s ting ap cua
nghich luu tang ap 1 pha I6n hon hé s6 tang ap ctia nghich
luu tang ap truyén thong co ban va bang véi hé sb ting ap
ctia nghich luu nguon-Z.

2.2. Giai thudt dleu khién diéu ché dp rong xung PWM cho
cdu hinh ghép tang nghich luwu ting dp mét pha dé xudt

Hinh 06 bleu dién ky thuat dich pha Sine PWM cho chu
hinh ghep tAng nghich luu ting 4p dé xuat Véi ky thuat
diéu ché nhu Hinh 3, dién 4p ngd ra ciia mdi module cau H
c6 dang 3 bac. DPbi v&i Module 1, hai song diéu khién
Vdiéu khién va —Vdiéu khién dugc dung dé so sanh véi
song mang tan s cao Vtri nhdm phat ra tin hiéu diéu khién
cac khoa ban din S; dén Ss. Mot duong thing cé gi tri
dién ap khong d6i VSH1 duoc so sanh véi mot song mang
tan s6 cao khac *Vtri véi tan sb gép doi va bién do bang
mdt nita Vtri dé phét ra tin hiéu diéu khién cho S0. Tin hiéu
S0 nay sau d6 dugc chén vao S; dén S, thong qua cong OR
logic dé phat ra trang thai ngén mach trong cau nghich luu.
Dién ap ngd ra vol cta module ciu H thir nhat 1a dang 3
bac: -VPNI1, 0, +VPNI1. Séng mang tan sb cao cua module
cau H thir 2 dugc dich di 90° dé tao ra dién ap vo2 cua

module cdu H thir 2. bién ap ngd ra cua céu hinh ghép tang
nghich luu tang ap la tong cua vol va vo2. Vi vay dién ap
ra ciia ciu hinh ghép tang nay c6 dang 5 béc.
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Hinh 6. Ky thudt dich pha sine PWM cho
cau hinh ghép tang nghich luu tang ap dé xuat
3. Két qua mé phéng va thi nghiém cAu hinh dé xuit
3.1. Két qui mé phong
Dé kiém chimg tinh ning hoat dong cua cau hinh ghép
tang da bac nghich luu tdng ap mot pha de xuat, chiing toi
da x4y dung mé hinh va mé phong trén phan mém PSIM
9.1.1 vdi cac thong so6 nhu Bang 1.
Bing 1. Théng s6 mé hinh

Théng s6 mé phong Gia tri
Dién ap ngudn Ve, Ve 50V
Cudn cam L1,L2 1 mH
Tu dién C1,C2 1000 uF
Cudn cam loc tai Lt 3mH
Téi thuan tro R 100 Q
Tan s dong, ngét cho céac khoa So,So 20 Khz
ginss?(:’) éi:)ng,ngét cho cac khoa Si, S2, S3, S4, Ss, 10Khz

Vinv

-400

20 -
10 |

-100 i :

200 L ‘ ‘ ‘

0.3 0.32 0.34 0.36 0.38 0.4
Time (s)

Hinh 7. Két qua mé phong dién dp ngd ra bg nghich heu khi
Viac1=50 V va Vac2=50 V. Ttr trén xuong la: dién ap ngé ra 5 bdc
chua loc, dién ap ngo ra sau khi dung loc Ly
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Nhu Hinh 7, ta d& nhan thdy ring dién ap ngd ra bo
nghich luu d& xudt c6 dang 5 bac dién ap sau khi loc dat
110Vrms (gia tri hiéu dung).

Pau tién, chung ta sé& kiém tra mach khi 2 dién ap DC
trén 2 module can bang Vi=Va2=50V. Tir Hinh 8, ta c6
thé thiy dién ap trén tu C; va C; dugc ting ap 1én 152 V
(dién ap 1 chiéu).

Sau d6, ching ta giit nguyén ngudn cung cdp cho
module 1 V4= 50V, ta giam ngudn cdp cho module 2
xudng V=40V, bang cach diéu khién ty sb ngan mach D,
nhu trong Hinh 9 ta thdy ring dién ap trén tu C) va C; ciing
dugc ting ap 1én 152 V (dién ap 1 chiéu). Do d6 dién ap
trén thanh cai DC cta 2 module béng nhau. Cau hinh ghép
tang da béc nghich lvu ting 4p di giai quyét duoc van dé
mét cin bang dién ap trén thanh cai DC trén cdc module
trong ghép tang nghich luu truyén thong.

vC1 Vde1
200
150
100
Vdc1= 50V:
50
0
vec2 Vdc2 n
200
150
100 - ;
50 Vdc2= 50V
0
04 0.42 0.44 0.46 048 0.5
Time (s)

Hinlg 8. Két qua mo phong dién dp trén ty Civa C: khi 2 dién
ap dau vao cdn bang Vic1=Vac2=50V. Tur trén xuong: Ve, Vael,

Vea, Vaez
Ve Vdc1
200
150
100
50 Vdc1= 50V
0
-50
ve? Vde2 -
200
150
st Vdcz= 40V
0
0.36 0.38 0.4 0.42 0.44 0.46 0.48
Time (s)

Hinh 9. Két qud mo phong dién dp trén tu C1 va C> khi 2 dién
ap dau vio mat can bang Vaer=50V vd Vac2=40V. Tir trén
xuéng: Ver, Vaer, Vez, Vaez

3.2. Két qud thi nghiém

M5 hinh thi nghiém chi ra trong Hinh 10 dya trén vi
diéu khién DSP TMS320F28335 véi cac thong s6 sau nhu
Bang 1. Cac linh kién ban dan IGBT cua S, dén Sg duogc
dung 1a GW30NC60VD (c6 chira diode) trong khi IGBT
ciia So va So 1a G23N60 UF (khong chira diode). Diode
Da1, Da2, D1 va Dy dugce dung 1a DSEP30-12AR.

Nhu Hinh 11, ta d& nhan thiy ring két qua thyc nghiém
dién ap ngd ra bo nghich luu dé xuat c6 dang 5 bac dién ap
sau khi loc dat 110Vrms (gi4 tri hiéu dung) phit hop véi két
qua mo phong va phan tich nhu Hinh 7. Sau khi qua cudn
cam Lg, THD=2.04% nhu Hinh 12.

Chung ta cung cip cho module 2 mét dién 4p V=40V
va module 1 dién 4p V=50 dé kiém trang thai mit can
bang dién ap dau vao.

Hinh 10. M6 hinh thuc nghiém

Tek I @ 4cq Comnplete M Pos: 35.40ms MEASIIRE
+
|
1
k=20
CH2
Cyc RMS
1704
f CHz
24 & Freq
50.00Hz
CH4 Off
rean
CH2 1004 r 10.0ms CH2 &~ =500.u%
CH3 2004 21—Jul-16 15:35 43,9353Hz

Hinh 11. Dang séng ngé ra bg nghich huu tang dp 5 bdc.
Tuwr trén xuong: ap 5 bdc, ap ngo ra sau khi qua bo loc Ly

Tek I Trig*d b Pos 160.0ms Harrnonics
Source
CH1
Harrnonic
Freq S0,.0Hz %Fund 100,0%
hRME 110,08 t 0.o0=
Sawve
Harrnanics
Frid HRAOOD0.CEY
CHZ2 2004 1 10.0mns

21-Jul-16 11:24

Hinh 12. Biéu thi THD ciia dién dp ngé ra bé nghich luu
qua bg loc Ly

& Stop M Pos: BO0OUs MEASLIRE
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e e 4 i CH3

" Yy - L FREE 1 Mean
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3'%“"*-_’*\‘-%”' e
= 50,04

Tek .

ER MATH Off
Mane

CHZ 20.0%
CH4 50,04

b S00ms

CH3 20,04 21=Jul-16 15:13

Hinh 13. Dién dp trén tu CI va ty C2 khi mdt cdn bang dién dp
DC dau vao. Tir trén xuong: Ve, Ve, Vier, Vae2
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Béng cach diéu khién ty sb ngan mach D, nhu Hinh 13,
ta thiy rang dién ap trén tu C1 va C2 ciing dugc ting ap 1én
148V (dién 4p 1 chiéu), do d6 dién 4p trén thanh cai DC
cua 2 module béng nhau. Két qua thyuc nghiém phu hgp véi
phan tich va mé phong, do d6 cdu hinh ghép ting da bac
nghich lwu ting ap da giai quyét dugc vin dé mat can bang
dién ap trén thanh cai DC trén cac module trong ghép tang
nghich luu truyén thong.

4. Két luan

Céu hinh ghép ting da béc nghich luu tang ap duoc e
xuét cling da giai duoc cac Van dé xdy ra trong nghich luu
da béc truyén thong, d6 14 vin d& ngan mach xay ra trong
mach cau H, Vén dé dién ap trén cac module khong thé vuot
qua dién ap ngudn DC. Céu hinh nay ciing dat dugc su can
bang dién ap trén thanh cai DC trén cac module béng viéc
diéu khién ty sb ngan mach D. Phan tich mach va 1y thuyét
hoat dong da dugc trinh bay & trén. Mot k¥ thuét dich pha
sine PWM d¢é diéu khién cau hinh nghich luu dé xuét ciing
dugc trinh bay. Cac két qua md phong va thi nghiém da
kiém chung céac dic tinh cta ciu hinh ghép tang da bac (5
bac) nghich luu ting dp dugc d& xuat.

Loi cdm on

Nghién ctru nay duoc tai trg boi Quy Phat triép Khoa
hoc va Cong ngh¢ Quoc gia (NAFOSTED) trong d¢ tai ma
s0 103.01-2015.19

TAI LIEU THAM KHAO

[1] Rodriguez J., Lai J. S., and Peng F. Z.,“Multilevel inverters: a
survey of topologies, controls, and applications, ”., IEEE Trans. Ind.
Election49(4)., 2012., pp. 724 — 738.

[2] Alireza Nami, Student Member IEEE, Firuz Zare, Senior Member,
IEEE, Arindam Ghosh, Fellow; “4 Hybrid Cascade Converter
Topology With Series-Connected Symmetrical and Asymmetrical
Diode-Clamped H-Bridge Cells”., IEEE Trans. Ind. Election.,
26(1)., 2011.,pp. 51-65.

[3] Sung Geun Song, Feel Soon Kang, Member, IEEE, and Sung-Jun
Park, Member.,“Cascaded Multilevel Inverter Employing Three-

PhaseTransformers and Single DC Input”; IEEETrans. Ind.

Election., 56(6)., 2009.,pp. 2005-2014.

[4] Pou J., Pindado R., and Boroyevich D., “Voltage-balance limits in
four-level diode-clamped converters with passive front ends, "IEEE
trans. Election., 52(1).,2005pp.,190 — 196.

[5] Meynard T.A.,Foch H.,Thomas P.,Courault J.,Jakob R and Nahrstaedt
M., “Multilevel converters: Basic concepts and industry applications,”.,
IEEE Trans. Ind. Election., 49(5)., 2002., pp. 955 — 964

[6] Villanueva E., Correa P., Rodriguez J., and Pacas M., “Control of a
single-phase cascader H-bridge multilevel converter for grid-
connected photovoltaic systems,”.,JEEE Trans. Ind. Election.,
56(4)., 2009.,pp. 4399 — 4406

[71 Kouro S., Moya A., Villanueva E., Correa P., WU B., and Rodriguez
J.,“Control of a cascaded H-bridge converter for grid-connected
photovoltaic systems,”., IEEE 35" Annual Conference of the
Industrial Electronics Society, IECONO09., 2009., pp. 1-7.

[8] B.Xiao, F. Filho, and L.M Tolbert, in Proc., “Single-phase cascaded
H-bridge multilevel inverter with nonactive power compensation for
grid-connected photovoltaic generators,”., IEEE ECCE., 2011., pp.
2733-2737.

[91 Zhou Y., Liu L., and Li H., “A high- performance photovoltaic
module-integrated converter (MIC) based on cascaded quasi-Z-
source inverters (qZSI) using eGaNFETs,”., IEEE Trans. power
Election., 28(6)., 2013.,pp. 2727 — 2738.

[10] SunD., Ge B., Yan X., Bi D., Zhang H., Liu Y. Abu H., Ben L., ang
FengF. Z., “Modeling, impedance-design, and efficiency analysis of
quasi-Z source module in cascaded multilevel photovoltaic power
system.”., IEEE Trans. Ind. Election., 61(11).,2014., pp. 6108 —
6117.

[11] Ravindranath A., Mishra S., and Joshi A., “Analysis and PWM
control of switched boost inverter.”IEEE Trans. Ind. Election.,
60(12)., 2013.,pp. 5593 — 5602

[12] Nguyen M. K., Le.V., Park S. J., and Lim Y.C.,“4 class of quasi-
switched Boost inverters,”., 1EEE transaction on industrial
electronics., vol. 62, no. 3., 2015.,pp. 1526-1536.

[13] Thuan TV, Khai NM.,“So sénhrb(f) nghich luu tdng ap mot pha véi
bd nghich luu cau H mot pha két hop bo tang ap DC-DC”, Tap chi
Ty déng héa ngay nay, SO 15/2016, Trang 66-73.

[14] Khai NM, Lam NN., “Nghich luu téng dp cdi bién v6i dong ngudn
lién tuc”, Tap chi Tw dong hoa ngay nay, S6 9/2014, Trang 61-67.

[15] Minh-Khai Nguyen, Member, IEEE, Young-Cheol Lim, Member,
IEEE, and Sung-Jun Park., “4 Comparison Between Single-Phase
Quasi-Z-Source and Quasi-Switched Boost Inverters”, IEEE transaction
on industrial electronics, vol. 63, no.3, 2015, pp. 1526-1536.

(BBT nhdn bai: 01/08/2016, phan bién xong: 09/09/2016)



