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TOM TAT
Su’pho bién ciia céc nguon dién phan tan (DG) su dung nang luong tai tao nhu gio, mat
trm trong hé thong dién ngay cang tang. Pé han ché song hai cua cac DG nay, cac tiéu chuan
noi ludi dwoc ban hanh ngay cang nghiém ngat nham on dinh hé thong dién. Viéc tang tan sé
chuyen mach trong nghlch v néi ludi ciia DG @é giam song hai la motphu’o’ngphappho bién
nhung ciing lam tang t6n hao chuyen mach (THCM). Bai bao nay dé xuat mot ky thudt dleu ché
voi chu ky chuyén mach thay doi dé giam song hai cho nghich heu ma khong lam tangoton hao
chuyén mach dung giai thudt di truyén. Tinh hiéu qua cua ky thudt de nghi dicoc khang dinh
bang viéc so sanh ket qua voi cac phwong phap tan so chuyén mach thay doi hién nay.
Tir khéa: nguon dién phan tén (DG); khic hai lya chon (SHE); diéu ché dg rong xung sin
(SPWM), ton hao chuyén mach, do méo hai toan phan (THD), giai thuadt di truyén (GA).
ABSTRACT

The penetration of distributed generation (DG) using renewable energy sources - solar
and wind power - into grid systems is rapidly increasing worldwide. To limit harmonics of DGs,
the increasingly stringent grid standards are imposed by utility companies to maintain grid
stability. Increasing the switching frequency of SPWM in inverters is a popular method used
in practice for reducing total harmonic distortion (THD),; however, this increases switching
losses. This paper proposes an SPWM technique with variable switching cycle for reducing
the harmonics but without any increase in switching loss using a genetic algorithm technique.
To validate the performance of the proposed technique, the results generated by the proposed
technique are compared to those of the existing variable switching frequency methods.

Keywords: distributed generation (DG), genetic algorithm (GA), selective harmonic
elimination (SHE), sinusoidal pulse-width modulation (SPWM); switching loss; total demand
distortion (TDD); total harmonic distortion (THD).

1. GIOI THIEU

Céac DG st dung nang luong tai tao
nhu gio, mit troi ngdy cang nhiéu vi tinh bén
viing va than thién véi moi truong trong khi
tiém nang vo cung 16n. Nhung nghich luu ndi
lu6i trong DG lai phat song hai dang ké vao
hé théng dién va anh hudng dén chat luong
dién ning cta hé théng dién. Nhu cau giam
song hai trong nghich luu ngay cang tang dé
thoéa min cac tiéu chuan ndi ludi [1-3] ngay
cang nghiém ngat. Viéc tang dién cam bo loc
dé giam song hai s& 1am ting kich thuéc va
chi phi cua thiét bi. Viéc ting tan s6 chuyén

mach trong céc ky thuat SPWM [4-7] dugc
str dung rat pho bién dé giam song hai. Nhung
diéu nay lai lam ting THCM [8] va gy ting
nhi¢t do cua linh kién.

Ky thuat SPWM véi tan sb chuyén
mach thay d6i trong [9] dé giam THCM doi
héi phai ¢6 mé hinh nhiu hai chinh xac ctia
nghich luu. Ngoai ra, tinh toan phtc tap lam
cho dap tng dong kém va thiéu bén ving.
Hon nita, dii tan s6 chuyén mach cao (16- 90
kHz) khong phu hop véi linh kién cong suat
thuc té cua nghich luu. Ky thuat dua vao do
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méo dang nhu cdu (TDD) trong [10] dé chon
tan sb chuyén mach. Tuy nhién, THCM chua
duogc xem xét va khong c6 kha nang SHE.

Céc nghich luu da bac [11-12] ciing
duoc dung dé giam song hai nhung doi hoi
nhiéu linh kién, ngudn dc, 1am ting chi phi va
diéu khién phtrc tap. K¥ thuat diéu khién bio
hoa trong [13] phu thudc vao sai s6 cam bién
nén khong bén ving.

Bai bao nay dé xuit mot k thuat SPWM
v6i tan sé chuyén mach thay ddi. Mdi chu
ky séng mang trong mdi ntra chu ky co ban
(NCKCB) dugc xac dinh bang giai thuat di
truyén (GA) v6i ham muc tiéu 1a song hai va
rang buoc THCM khong tang so vdi phuong
phap tan s chuyén mach ¢ dinh. Su can thiép
sau vao ting chu ky chuyén mach lam ting
hi¢u qua SHE. Viéc giam song hai ma khong
1am ting THCM gitp théa man tiéu chudn ndi
ludi, giam kich thudce va chi phi bo loc.

2.  NHIEU HAI DONG PIEN

Ca THD va THCM déu phu thudc vao
tan s6 chuyén mach. Trong ky thuat SPWM
thong thuong voi tan s6 chuyén mach c6 dinh,
tan s6 chuyén mach cang cao thi THD cang
giam va THCM cang tang, va nguoc lai [14].

Be kiém tra ky thuat dé xuat, mot nghich
luu cau H 1 pha diéu ché don cuc duogc su
dung nhu hinh 1.

Idc
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iivdc =
Cel
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Hinh 1. Nghich lvu cau H mét pha
i Té6n hao trong linh kién bao gdm THCM,
ton hao dan va ton hao khac.

Vi

Gia sir rang ton hao dan va ton hao
khac khong phu thudc tan sb chuyén mach, va
THCM phu thudc tuyén tinh vao tan sé chuyén
mach va dong dién turc thoi co ban chay qua
nghich Iuu trong mdi chu ky chuyén mach.

Dua vao phuong phap xép chong, dong
dién ngd ra nghich luu bao gdm dong co ban
vanhiéu hai dong dién. Gi4 tri hiéu dung (rms)
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ctia nhiéu hai tir dinh-dinh trong mét chu ky
chuyén mach nhu (1) theo phuong phép cua
[15]. Dang song nhu hinh 2 véi L 1a dién cam
bo loc va T 1a chu ky song mang, m 1a chi s6
didu ché, va w 14 tin sb goc.

T Ve [1—m.|sin(a)t)|].m.|sin(a)t)| (1)

L2433

Al =

)

Hinh 2. Dong di¢n ngo ra voi m=0.97. (a)
Dong dién co ban va dong thuc, (b) Nhiéu
hai dong dién
Khi d6, THD va THCM duoc tinh nhu

sau:
% [ arza(en)
mp-A_ V"o 2)
1 11
ap, —c, 2 [ ) oy 3)
oy T,

Trong dé: I, va DI la hiéu dung cua dong
co ban va nhleu trong m01 NCKCB tuong
ng. Trong truong hop tan sO séong mang cd
dinh, THCM trong moi NCKCB tinh nhu (3)
voi C, 1a hing s6 phu thudc vao dién ép de.

Bing 1. Tham s6 hé thong thi nghiém

Parameter Symbol | Value
Inductance of filter L, 4 mH
Resistance of L, R, 0.3 W
DC voltage value \ 150 V
Capacitor of filter C, 1 pF
e
Modulation index m 0.97
Load resistance R, 32W

Hing s6 C, tinh dugc bang cach dua
vao phuong phap ctia [16] v6i so d6 ¢ hinh
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1 va tham s6 ¢ bang 1. Két qua thu duoc
C,=1.069x10* va THCM bang 1.48212 W.
Khl tan s chuyen mach bang 5 kHz thi THD
thu duoc bang 6.14% va cé hai riéng 1¢ cao
hon 3% nhu hinh 3 va c6 thé gay nhiéu am.
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Hinh 3. Phé hai dong dién véi T=200 ms

3. PHUONG PHAP DE XUAT
3.1 Ham muc tiéu

Duya vao hinh 2 cho thiy rang nhiéu hai
dong dién thay d6i khong dong déu trong mdi
NCKCB khi tan s6 séng mang cb dinh va lam
cho gia tri nhiéu hai hiéu dung ting cao dang
ké trong ca chu ky co ban. Trong cic khoang
thoi gian dong dién tirc thoi cao (dinh hinh
sin) thi THD dong dién thip va nguoc lai. Day
chinh 14 co so quan trong dé phan bd lai nhidu
hai dong dién sao cho dong déu hon nham
cuc tiéu hiéu dung cua THD dong di¢n trong
mdi chu ky co ban. Nhu vy, gia tri hiéu dung
cua THD dong dién cua nghich luu trong moi
NCKCB ¢ thé giam duoc bang cach thay d01
tan s song mang mét cach thich hop. Tan s
song mang can phai tdng trong nhiing khoang
thoi gian c6 nhiéu hai dong dién cao dé giam
THD dong dién xudng va giam trong khoang
c6 nhidu hai dong dién thip dé giam ton hao
chuyén mach.

Dua vao cong thirc (1) va (2) cho thay
rang THD dong dién ti 1& tuyén tinh v&i DI dbi
voi mot dong dién hiéu dung co ban cho trudce
nhu sau:

THD ~ Al (4)
Cho nén:
o~ LS s 5)

4=0

Muc ti€u cua phuong phap dé nghi la
cuc tiéu THD dong dién trong (5) bang cach
thay doi chu ky chuyen mach trong moi

NCKCB voi rang bude o £1.48212. Vi vay
ham muc ti€u s€ nhu (6), trong do i,_1a dong
dién tirc thoi va i, 1a dong dién co ban tire thoi
chay qua nghlch lu'u tai thoi diém lay mau t.

L=

Fitness = Z(ik —iy ) (6)

1, =0
3.2 Xic dinh chu ky chuyén mach

Giai thuat GA duoc dé nghi sir dung dé
xéac dinh timg chu ky chuyén mach cia song
mang trong mdi NCKCB. Boi vi GA con ¢6
kha ning SHE bang cach dua vao ham rang
budc hodc ham muc tiéu thong qua hé sb phat.
i véi tan sd chuyén mach ¢b dinh 5 kHz chi
c6 50 xung tam giac trong mdi NCKCB voi
d6 rong bang nhau va bang 200 ms. Trong khi
phuong phap dé nghi, mdi chu ky cta xung
tam giac s& ¢ do rong khac nhau. S6 xung Np
phai dugc ma hoa nhu hinh 4. Céac song mang
dugc mi hoa bang Np bién véi do rong x(n)
va n=1 dén Np.

sum(x(n)) = n=sz x(n) = 11 1t
n=1 2 f 250 (7)
=0.01s =10000 zs
Vi X(1) > Xy = ﬁ )

Trong d6 £ 1a tdn s6 chuyén mach t6i
da cho phép cua linh kién.
Vcarrier
A

= t(s)

0 ! ! } ! T0.01
i i

R T
x(Dx2) x(3). .. .. x(Np)

Hinh 4. Ma hoa chu ky song mang

Pé dam béao su hdi tu, cac gia tri ban
dau duogc khoi tao cung cac bién dudi nhé hon
1000ms, va bién trén 16n hon 1000ms so voi
gia tri dau, sd ca thé ban dau bang 3000 va s6
thé hé 1a 100. Két qua thu duge T, 1la cac
diém “*” nhu hinh 6 bang cach sir dung cong
cu Optimization cia MATLAB va nhiéu hai
dong dién nhu hinh 7 cho thdy THD giam con
4.72% va phd trai trong mot pham vi rong nén
khong can bo loc nhidu am.
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Number_of_vars=Np;
Set parameters for GA;
Call GA;

PrintAX & / No
Fmin;

Fmin=Fitness;
Mark X;

p=Np+1;

Hinh 5. Luu do gidi thudt GA
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Hinh 7. Phé hai dong dién

4.  NGHICH LUU NOI LUOI

Hé théng nghich lwu ndi ludi nhu hinh
8 voi tham s6 & bang 2. Phuong phap TDD
trong [10], phuong phap nhiéu hing s CR
(Constant ripple) trong [17-18] ciing duogc
khao sat trong bai bao nay. Hon nira, bai bao
ciing thyc hién cai tién phuong phap trai phd
cho diéu ché vector khong gian trong [19] ap
dung cho SPWM (MSANS) dé ¢ dugc clng
mét diéu kién cai diat nham thuan tién cho
danh gia tinh hi¢u qua.
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Bding 2. Théng s6 nghich luu noi ludi

Parameter Symbol Value
Inductance of filter L, 4.7 mH
Resistance of L, R, 03W
Inductance of grid L 0.01 mH
source g
Resistance of L R, 0.01 W
DC voltage value V. 350V
Grid source v 220V
voltage ac
Constant (350 4
VDC) C, 2.49433x10
Capacitor of filter C, 1 uF

controller
error
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PR current controller (Kp=30&Ki=2000)

Hinh 8. So dé nguyén 1y diéu khién
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Hinh 9. Dap ung cua dong, dp va cong sudt.
(a) Dong va ap; (b) Cong suat
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Cac két qua md phong cua hé thong
nghich luu ndi ludi cia cac phuong phap khao

sat thé hién trong hinh 9-18 va bang 3.

Fixed switching frequency 5 kHz
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Hinh 10. Tan sé chuyén mach cé dinh
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Hinh 12. Phuong phap CR
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Hinh 13. Phirong phdp trdi phé cdi tién
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(c) Pho hai dong dién khi 0.2<t<0.3s
Hinh 14. Phirong phdp dé nghi
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Hinh 15. Chu ky chuyén mach khi Q=0
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Hinh 16. Tén hao chuyén mach khi Q=0
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Hinh 17. Chu ky chuyén mach khi Q0
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20,

—TDD
—Constant ripple
—MSANS

— Proposed

Average loss

Switching loss (W)
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Time (s)
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Hinh 18. Ton hao chuyén mach khi O#0
5. NHANXET

Két qua mo phong duoc khao sat trong
3 truong hop tuong Ung voi 3 khoang thoi
gian. Trong khoang thoi gian thir nhat: 0-0.2
s, cong suat tac dung bom vao ludi duge cai
dit bang 3 kW va cong suat phan khang Q=0.
Khi do, voi phuong phap tan sb chuyen mach
¢b dinh 5 kHz nhu hinh 10 cho THD rat thip
bang 2.55% nhung THCM lai rat cao bang
15.35 W.

Bing 3. Tém tdt ton hao chuyén mach va song hai ciia cdac phwong phdp khdo sat.

Switching t<0.2s 02s<t<03s 03s<t

cycle Switching | THD | Rate | Switching | THD | Rate | Switching | THD | Rate

loss(W) | (%) | (%) | loss(W) | (%) | (Y%o) | loss(W) | (%) | (%)

Constant 15.35 2.55 | 46.7 7.68 5.33 | -104 9.22 4.32 6
TDD 8.28 4.79 0 8.45 4.83 0 8.67 4.6 0
Constant | g9 | 433 | 96 | 825 | 453 | 6 858 | 428 | 7
ripple
MSANS 8.28 4.12 14 8.45 4.41 8.7 8.67 4.12 | 104
Proposed 8.23 3.85 19.6 8.20 4.10 15 8.55 3.82 17

Pé giam THCM xuéng 8.28 W ¢ hinh
11(a), phuong phap TDD dé nghi giam tan s6
chuyén mach ¢ dinh con 2.7 kHz. Dleu nay
1am cho THD ting 1én 4.79% nhung van nho
hon gidi han cho phép (5%). Trong khi do, voi
phuong phap CR va MSANS ciing c6 THCM
tuong duong véi phuong phap TDD lai cho
THD bang 4.33% va 4.12% & hinh 12(b) va
13(b) twong tmg. Nhung két qua ¢ hinh 14(b)
ctia phuong phap dé xuit moi cho THD thip
nhét bang 3.85%.

Trong khoang thoi gian thtr hai: 0.2-0.3
S, cong sut tac dung bom vao ludi duoc cai
dat giam bang 1.5 kW (dac trung cho nang
hodc gi6 yéu) va cong sudt phan khang Q=0.

V6i phuong phép tan s6 chuyén mach ¢ dinh
thi THCM giam con 7.68W nhung THD bang
5.33% vuot qua gidi han cho phép. Dé giam
THD xubng con 4.83%, phuong phap TDD
tang tan s6 chuyén mach 1én 5.5 kHz va lam
taing THCM 1én 8.45 W. Bé ¢6 THCM tuong
duong vé1 phuong phdp TDD, phuong phép
CR va MSANS thu duoc THD bang 4.53% va
4.41% tuong ung. Trong khi phuong phap dé
nghi lai cho THD thap nhat bang 4.1%. Tuy
nhién, phé hai dong dién & hinh 11(c) cho thay
bién do cac hai riéng 1é rat cao. Chinh diéu
nay c6 thé gy ra nhiéu am trong cac thiét bi
thong tin va quan su nén can phai c6 bd loc
phu. Hon nita, phd hai & hinh 12(c) va 13(c)
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cho thay bién d6 hai riéng 1¢ thip hon so vai
TDD. Nhung phd hai dong dién & hinh 14(c)
ctia phuong phap d& nghi dugc trai trong mot
pham vi rong lam cho bién dg cac hai riéng 1¢
thdp nhat va khong gy nhiu am nén khong
can cac bo loc phu.

Trong khoang thoi gian thtr ba: 0.3-0.4
s, cong suat khang 1 kVar dugc bom vao ludi
va cong suét tac dung van giit nguyén 1.5 kW.
Khi d6, v6i phuong phap tan s6 chuyén mach
cb dinh c6 THD giam xudng con 4.32% nhung
lai 1am tang THCM 1én 9.22 W. Phuong phap
TDD dé nghi giam tan s6 chuyén mach xuong
con 4.7 kHz dé giam THCM con 8.67 W, diéu
nay lam tang THD lén 4.6%. Dé c6 THCM
tuong duong voi phuong phap TDD, phuong
phap CR va MSANS cho THD bang 4.28%
va 4.12% tuong tng. Nhung phuong phap dé
nghi lai thu duge THD thap nhat bang 3.83%.
Bang 3 ciing cho thdy ti 18 phan trim giam
song hai ciia phuong phap dé nghi cao nhat
bang 19.6, 15, va 17 trong 3 khoang thoi gian
tuong tng so voi phuong phap TDD.

- Trong trudng hop cosj=1, chu ky chuyén
mach tai zero cua dong dién trong ky
thuat dé nghi & hinh 15 thap nhat so véi
cac phuong phap khac nén giam nhiéu
hai dang ké trong khi THCM tirc thoi &
hinh 16 ting khong dang ké. Nguoc lai,
tai lan can dinh cta dong dién, chu ky
chuyén mach cua ky thuat dé nghi cao
nhat so véi cac phuong phap khac nén
THCM tire thoi giam dang ké trong khi
nhiéu hai ting khong dang ké. Két qua
la cing mot THCM trung binh nhung
song hai dong dién cua phuong phap dé
nghi 14 thap nhat.

- Hon nira, chinh sy phan bd lai chu ky
chuyén mach cta phuong phap dé nghi
ciing 1am cho THCM tic thoi phan bd
ddng déu hon so véi cac phuong phap
khac nén sdc nhiét ciing it hon so véi
cac phuong phap khac. Diéu nay gitp
tang tudi tho cua linh kién cong suat.
Bai vi, tén hao tic thoi dic trung cho
sdc nhiét chir khong phai ton hao trung
binh va sbc nhiét cang thap thi tudi tho
ctia linh kién ban din cong sudt cang
tang.

- Sy phén bd khong ddi xtng cua chu
ky chuyén mach tai 1an cin dinh dong
dién trong k¥ thuat dé nghi so véi cac
phuong phéap khéac 1a mot sy khac biét
quan trong. Ly giai cho su bat d6i xtmg
nay 1a do sy phi tuyén dang ké cua tin
hiéu diéu ché trong khi chu ky cta song
tam giac la kha 16n.

- Pbi voi truong hop hé sb cong suit
cosj<1, chu ky chuyén mach ctia phuwong
phap dé nghi giam nhé dang ké tai lan
can zero cua dong di¢n ¢ hinh 17 giup
cho nhiéu hai dong dién gidm nhé déng
ké so véi cac phuong phap khac. O hinh
18 cho thdy THCM tirc thoi cta phuong
phap TDD 1a tot nhat va cta phuong
phap dé nghi 1a t6t thir nhi. Nhung
phuong phap dé nghi van cho két qua
song hai 1a thip nhat.

- Su khic nhau cua Ts trong moi NCKCB
lam cho THD theo (1), (2) va ton hao
chuyén mach theo (3) s& khac nhau nhu
bang 3. Su phan b hop 1y nhét cua chu
ky chuyen mach cua phuong phap deé
xuat di tic dong dén hiéu qua tbi uu
ham muyc tiéu THD hiéu dung trong mdi
NCKCB.

6. KETLUAN

Viéc giam song hai dong dién 1a mdt
trong nhitng nhiém vy tuong dbi kho khin
dé théa man tiéu chuan ndi ludi ngay cang
nghiém ngat d6i v6i nguoi thiét ké nghich luu
nbi ludi. Viéc chon duge chu ky chuyén mach
toi wu that sy 1a mot thach thic boi sy can
bang gitta THCM va song hai dong dién.

Két qua khao sat cho thay rang k¥ thuat
SPWM véi chu ky chuyén mach thay d6i cua
phuong phap dé nghi dira vao GA cho két qua
giam séng hai dong dién dang ké so véi cac
phuong phap di cong bd gan day.

Su xuit sic ctia k¥ thuat dé nghi 1a khong
nhirng giam THD ma con ¢6 kha nang khur hai
lwa chon va trai phd hai trong mot pham vi
rong. Dicu nay giup cho cac hai riéng 1€ co
bién d6 giam dang ké va khong gy nhidu am
nén phu hop cho cac tmg dung trong thiét bi
thong tin va quan suy.

Cac truong hop phat dién vao ludi véi
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cosj=1 va cosj<l trong cung mot didu kién cai
dit v6i nhimg thong sé gidng voi thuc té nhat
cling da dugc xem xét mdt cach dinh lugng.
Viéc giam song hai cho nghich luu ndi ludi
cling gop phan lam giam kich thudc bo loc,
gia thanh thiét bi, va cai thién chét lugng dién
ndng cua hé thong dién. Tir d6, tao diéu kién
cho viéc ché tao va 1am chu cong ngh¢ voi
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lam tang tudi tho cua linh kién cong sut. Dé
dap ung yéu cau tai thay doi trong diéu kién
thuc té, cac sd lidu cua chu ky chuyén mach
duoc chuin bi offline sén véi cic muc tai khac
nhau bang cach sir dung phuong phép tra bang
trong Matlab. Hon nita, véi cach tiép can cua
ky thuat d& nghi ciing co thé mo rong tng
dung cho cac bo bién ddi cong suat 3 pha va

gia thanh thap. Viéc chuyén mach véi tn s6  céc ki thuat PWM khac.
thdp tai dinh cua dong dién ciing gop phan
TAI LIEU THAM KHAO

[11 IEEE Recommended Practice for Utility Interface of Photovoltaic (PV) Systems, IEEE

Standard 929, 2000.

[2] IEEE Standard for Interconnecting Distributed Resources with Electric Power Systems,
IEEE Application Guide for IEEE Standard 1547™, 20009.

[3] A. Woyte, K. De Brabandere, D.V. Dommelen, R. Belmans, and J. Nijs,

“International

harmonization of grid connection guidelines: adequate requirements for the prevention of
unintentional islanding,” Progress in Photovoltaics: Research and Applications, vol. 11,

pp. 407-424, 2003.

[4] T. G. Habetler and R. G. Harley, “Power electronic converter and system control,” in

Proc. IEEE., Jun-2001, pp. 913-925.

[5] Y. Sozerand D. A. Torrey, “Modeling and Control of Utility Interactive Inverters,” IEEE
Trans. on Power Electronics, vol. 24, no. 11, pp. 2475-2483, 2009.

[6] L.Wu, Z. Zhao, and J. Liu,

System with Modified MPPT Method and Reactive Power Compensation,”

“A Single-Stage Three-Phase Grid-Connected Photovoltaic

IEEE Trans.

on Energy Conversion, vol. 22, no. 4, pp. 881-886, 2007.
[7] Z. Chen, J. M. Guerrero, and F. Blaabjerg, “4 Review of the State of the Art of Power

Electronics for Wind Turbines,”
1859-1875, 2009.

[8] J. H. Lee and B. H. Cho,

thermal management of power MOSFET,”

2003, pp. 112-117.

[9] X. Mao, R. Ayyanar, Krishnamurthy, and K. Harish,

IEEE Trans. on Power Electronics, vol. 24, no. 8, pp.

“Large time-scale electro-thermal simulation for loss and

in Proc. IEEE Power Electron Spec. Conf.,

“Optimal Variable Switching

Frequency Scheme for Reducing Switching Loss in Single-Phase Inverters Based on

Time-Domain Ripple Analysis,”
991-1001, 2009.

[10]

IEEE Trans. on Power Electronics, vol. 24, no. 4, pp.

Bo Cao and Liuchen Chang, “A Variable Switching Frequency Algorithm to Improve the

Total Efficiency of Single-Phase Grid-Connected Inverters,” in Pro. IEEE APEC., 2013,

pp. 2310-2315.

[11] A. Moeini, H. Iman-Eini, and M. Bakhshizadeh “Selective harmonic mitigation-pulse-
width modulation technique with variable DC-link voltages in single and three-phase

cascaded H-bridge inverters,

[12] I. Colak, E. Kabalci, and R. Bayindir,
topologies and control schemes,”
pp. 1114-1128, 2011.

”IET Power Electron, vol.7, no. 4, pp. 924-932, 2014.

“Review of multilevel voltage source inverter
Energy Conversion and Management, vol. 52, no. 2,

[13] C.Xiaoju.,Z.Hang, and Zhao Jianrong, “A new Improvement Strategy based on hysteresis



qu Chi Khoa Hoc Gido Duc Ky Thudt Sé 35B (3/2016)

[14]

[15]

[16]

[17]
[18]

[19]

Trwong Dai Hoc Sw Pham Ky Thudt TP. Ho6 Chi Minh

space vector control of Grid-connected inverter,” in Proc. The International Conference
on Advanced Power System Automation and Protection., 2011, pp. 1613-1617.

R. Seyezhai, B. L. Mathur, “Performance Evaluation of Inverted Sine PWM Technique
for an Asymmetric Cascaded Multilevel Inverter,” Journal of Theoretical and Applied
Information Technology, pp. 91-98, 2009.

Tran Quang Tho, Truong Viet Anh, and Le Minh Phuong, “PWM technique with variable
carrier wave frequency to reduce switching loss in grid-connected PV inverter,” Proc.
The 2™ International Conference on Green Technology and Sustainable Development,
2014, pp.404-411.

Tran Quang Tho, Le Thanh Lam, and Truong Viet Anh, “Reduction of switching loss
in grid-connected inverters using a variable switching cycle,” International journal of
Electrical Engineering & Technology (IJEET), vol. 6, no. 8, 2015, pp. 63-76.

J. Holtz, “Pulse width modulation—a survey,” IEEE Trans. Ind. Electron., 1992, vol. 39,
no. 5, pp. 410-420.

F. Zare and A. Nami, “A new random current control technique for a single-phase inverter
with bipolar and unipolar modulations,” in Proc. IEEE PCC 2007, pp. 149-156.

A. C. Binojkumar and G. Narayanan, “Variable Switching Frequency PWM Technique
for Induction Motor Drive to Spread Acoustic Noise Spectrum with Reduced Current
Ripple,” in Proc. IEEE PEDES 2014, pp. 1-6.



