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TOM TAT

BO nghich luu da bac hién ngay cang thu hut su quan tam clia cac nha nghién clu va gidi cong
nghiép, trong dé bo nghich luu 3 bac da dugc sirdung phd bién trong thuc té. Mét trong cac van
dé quan tam nhat la nghién ctu nang sé bac Ién nham dat dugc hiéu qua Uing dung cao trong thuc
té nhu cong sudt Idn, dién ap cao va dd méo dang song hai thdp. Cac loai cau hinh nghich luu da
bac co ban nhu dang diode kep, dang tu kep va dang ndi tang déu cé nhimg nhugc diém khinang
cao s6 bac. D& khic phuc van dé trén, cac cau tric nghich luu lai dugc dé nghi. Hé qua la nhiéu
b6 nghich luu lai 5 bac da dugc thiét ké cho nhiéu tng dung trong thuc tién. Bai bdo dé xuat cau
tric lai mdi ctia nghich luu 5 bac diode kep bang cach bé sung nguén DC phu. Cau tridc nghich
luu lai @€ nghj cho thay céc dac tinh clia né co thé so sanh dugc véi nghich luu NPC chia 4 ngudn
DC ly tudng, va doi hoi phan ciing don gian hon so véi cac bo nghich luu dang cascade va dang
tu kep. N6 c6 kha nang tu can bang tét dién ap trén cac tu DC. Nha do, cac gidi thuat diéu khién
PWM phé bién don gidn va hiéu qua co thé dugc van dung, cho phép dat chat lugng hoat déng
cao. Noi dung bai bdo bao goém phan tich cdu hinh bé nghich luu lai dé xudt, danh gia kha nang
can bang dién &p cac tu DC, danh gid cac dac tinh diéu khién va khao sat dap ing clia bo bién déi
khi dp dung cac ky thuat diéu ché dé rong xung dung séng mang. Viéc phan tich va cac dac tinh st
dung ctia cdu hinh dé xudt sé dugc kiém chiing qua két qua moé phong dung MATLAB/SIMULINK.
Tu khoa: Bo nghich luu nédm bac Diode kep, nguén DC phu, ki thuat Sine PWM, Can bang dién
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GIOI THIEU

B¢ nghich luu 4p chuyén d6i tit 4p DC sang d4p AC
dang dugc ap dung rong rai trong tit ca cic linh vuc
khac nhau nhu thiét bi cong nghiép, hé théng ning
lugng dién va nang lugng tai tao. Tu khi ra doi, cac
bo nghich luu hai bac da sém dugc dua vao ap dung
trong thuc té.

Trong thuc tién, nhiéu ting dung cong nghiép doi hoi
cong sudt 16n, dién 4p cao va cac yéu cdu chét lugng
cao nhu d6 méo dang séng hai nho, gidm thi€u anh
hudng dién 4p common mode. B nghich luu hai bac
truyén thong khong con phtt hgp cho nhiéu ting dung
néu trén. Do d6, cdu truc b nghich luu da béc da
dugc gi6i thiéu nhu mot giai phép thay thé!~7.

Ra doi tii nhiing ndm 1981, bd nghich ba bac da tro
nén ngay cang st dung rong rai véi pham vi cong suét
tit nhé 1KW dén nhiéu MW. Trong thuc té, c6 3 cdu
truc nghich luu da bac co ban thuong dugc nghién
ctu va tng dung la bo nghich luu da bac diode kep
(NPC), bd nghich luu da bac dang néi tdng (Cascade)
va BNL da bac dang tu kep (FLC) 2. C4u trtic nghich
luu 5 béac cascade doi héi st dung nhiéu bo nguén DC
doc lap nén khong hiéu qua trong nhiéu ting dung.
C4u truc tu kep FLC 5 bac dung 1 ngu6én DC nhung
lai phai trang bi 9 tu dién c6 cac muc ap khac nhau.

Do d6, mach phén cling cong kénh va ton kém. Bai
todn can bing dién 4p dong thoi ctia cac tu DC nay
ciing 13 van dé phtic tap. Do d6, b nghich luu NPC
thudng dugc ting dung trong thuc tién. Trong thuc
té, cac bo nghich Iuu diode kep 3 béac da dugc ting
dung phé bién v6i nhiéu cdu hinh khdc nhau nhu bo
nghich Iuu diode kep truyén théng (NPC), bo nghich
luu 3 bac dang T-type (T-type NPC) va nghich luu 3
béc c6 nhénh néi trung tinh diéu khién (Active NPC).
Nhiing nam gin day, nhiéu phong thi nghiém nghién
ctiu va cong ty cong nghiép quan tdm dén cac bd
nghich luu ¢ s6 béc 16n hon 3, trong tdm 1a cac bd
nghich luu bac 1é thip 5,7,9.8713. Cac bd nghich luu
béc chdn dugc nghién ctiu & muic d¢ it hon, mét phan
n6 khong c6 kha ning dic biét nhu b nghich luu bac
1¢, chdng han chiing khong thé triét tiéu dién 4p com-
mon mode 1416, Ngoai ra, cic nghién ctiu ctia chling
van con nhiéu vin dé€ chua gidi quyét tron ven lién
quan dén cin bing dién dp cic tu DC, hodc khong co
céu hinh tuong duong dang cascade.

Van dé dau tién ctia ing dung thuc t€1a chon cdu tric
da bac pht hgp, dam béo thiét bi hoat dong 6n dinh
va hiéu qua. Céc cdu truc 5 bic dung nhiéu nguon
DC khong d6i nhu bo nghich luu NPC véi 4 ngudn
ap trén Hinh 1a hodc BNL Cascade v6i 6 nguon dp, sé
cong kénh va t6n kém. Cau triic mach NPC 5 bac trén

Trich dan bai bao nay: Loc N P, Hi€u BT, Nh& N V. B6 nghich luu nam bac diode kep lai méi véi nguén
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Hinh 1b v6i m¢t nguén DC dugc chia dp bing 4 tu DC
ndi ti€p c6 cdu tric don gidn nhit. Tuy nhién, BNL
nay gdp phai vin d€ mit cin bang ap trén cic tu khi
dp dung cac ky thuat diéu khién PWM thong thudng.
Diéu nay co6 thé din dén qua 4p 1am hong cic linh
kién. Vily do d6, mot s6 gidi phap dugc dua ra nhu
b6 sung cac mach trang bi khoa ban dan va phu kién
(L, C) d€ diéu khién 6n dinh dién ap cac tu!”7~1°. Cac
phuong phép thém mach phan cling nay lam ting chi
phi, kich thudc hé thong va gidm do tin cdy hé thong
khi hoat dong. Phuong an khdac kinh té hon, 1a ap
dung gii thuat diéu khién c6 yéu ciu can bang ap cac
tu, chidng han st dung ky thuat PWM véi cac vector
4o (virtual vectors) 2023, Diém dic biét chung ctia cac
gidi thuat nay 1a thuat todn phuic tap, cdn dua vao cac
vector xa (far vector) nén lam tang do méo dang ap
ra, ting ap luc dién ap (voltage stress), ting t6n hao
chuyén mach vakhé c6 thé giai quyét bai toan khii anh
huoéng dién 4p common mode va dong ro. Hién nay,
mot xu thé hién dang 4p dung cic phuong phép diéu
khién dy bao (Model Predictive Control). Tuy nhién,
d6i v6i nghich luu béc cao ¢6 s6 bién trang thai dong
ngat kha 16n va nhiéu bién trang thai dp tu, thi thuét
toan MPC sé khé thuc hién online va cin c6 nhiing
diéu chinh phit hgp tuy theo tng dung cu th&!>2425,
Mot gidi phdp dung hoa trong nghién ctiu bo nghich
luu béc cao la thiét k& cac bo nghich luu lai. Céc bd
nghich luu lai da bac c6 thé ¢ dang két hop trong
mot nhanh pha cac phén ti co ban (2 Level, 3 Level
NPC, T-Type NPC, FLC, cascade), hodc c4u hinh da
béac gdm nhiéu modun co ban néi tiép st dung nhiéu
ngudn DC khac nhau, hodc két hgp cdu hinh cic bo
nghich luu dang néi ti€p, song song, hodc dang c6 tai
h& (Open End Winding-OEW). Céc c4u hinh lai nay
huéng dén muc tiéu ting s6 bic, hodc 6n dinh dp cac
ty, hodc gidm s6 linh kién d€ ha gia thanh 26-33

Bai bao nay dé xudt cdu tric nghich luu 5 béc lai méi
gom b nghich Iuu 5 bac NPC truyén thong trang bi
thém 1 nguén DC. Muyc tiéu ctia giai phap nay nhdm
diéu khién cic ky thuat PWM thong thudng van dat
chétlugng cao nhu do méo dang séng hai ng6 ra thép,
hiéu sudt hoat ddng cao do it chuyén mach, c6 thé diéu
khién dé dang xti Iy nhiéu common mode va dong ro.
Diéu nay dat dugc nhd vi tri 1ap ngudn bé sung cho
phép céc dién dp trén cic tu DC tu cin béng trong
qua trinh hoat déng. Céu tric nay ciing phtt hgp khi
6 thé tin dung cdc nguén DC ¢4 sin cho so d6 thiét
ké hodc dung trong PV. So véi cdu tric Cascade 5 béc,
cdu truc nay chiia it nguén DC hon va so véi BNL FLC
5 bac thi cdu tric nay ddm bao 4p DC céc tu 6n dinh,
diéu khién don gian. Noi dung bai bdo & cic phéin
tiép theo bao gém gidi thiéu cic cdu hinh méi ctia bo
nghich Iuu NPC c6 nguén b6 sung & phin 2, phén tich

1240

mach hé théng & phin 3, m6 phong va danh gia cac
két qua & phén 4, va két luin & phan cudi.

DE XUAT CAU HINH BO NGHICH LUU
NPC 5 BAC MG

Céc so d6 1 nhanh pha b nghich luu 5 bac NPC didu
vao ngudn DC dugc mo ta trén Hinh 1. Trong d6, ciu
tric 1 la cdu tric co ban véi dién ap DC téng dugc
thuc hién bang ghép no6i tiép 4 nguén DC khong d6i
bing Vd/4. Céu truc nay gid thanh cao, chi thich hgp
khi hé thdng c6 sdn cac modul nguén DC nhu acquy,
pin dién.

Céu truc 21a ciu truc tiét kiém c6 1 nguén DC. Bétao
5 muc dién ap, mot bo tu dién ghép ndi tiép 4 tu C,
= Cp =C3 = C4 va d4u song song véi nguén DC. Céu
truc 3, 4, 51a cac cdu truc NPC 5 béac dé nghi xem xét.
Trong d6, cdu truc 3 stt dung mét nguén DC chinh ¢
d6 16n Vd va mot ngudén DC phu c6 d¢ 16n bang Vd/2.
C4u tric 4 stt dung 2 ngudén DC c6 d6 16n bang nhau
6 gia tri 3Vd/4. Céu trac 5 st dung 2 nguén DC bang
nhau c6 d6 16n V,4/2.

Viéc danh gid hiéu qua st dung céc cdu truc dé xuit
3, 4, 5 sé thyc hién trén co s& ap dung ky thuat song
mang SinPWM. Cdc tiéu chi dit ra la sy cin bing ép
cdc ty, dac tinh diéu khién d6 méo dang séng hai cta
4p tai va so sanh déc tinh BNL 5 bac dé xudt véi BNL
5 bac nguoén DC Iy tudng.

PHUONG PHAP DIEU CHE SONG
MANG CHO BO NGHICH LUU 5 BAC
" [o]]

Giai tich mach dién nghich luu dé xuat

Xét cdu tric BNL 5 bac NPC dugc vé chi tiét trén nhu
Hinh 2. Goi V; 13 dién 4p ngudén DC téng va Sy, Sy2,
Sy35 Sy4 12 cdc khod ban dan ntta nhénh trén, Sy, S'y2,
S3, S'x4 12 cdc khod bén dan ntta nhdnh dudi.

Qui luat déng ngit cic khod thod difu kién doi
nghich:

Véi

Sej+ S =1 M

0<S;<L0<S,; <1 j=1234x=ab,.c
bién 4p nhanh xac dinh gita ng6 ra X véi diém cuc
am 0 ctia nguon, c6 thé biéu dién nhu sau:

Va

vx0 = (Sx1 +Sx2 +Sx3 + Sy4) X 7 2

Cac hé thtic (1) va (2) ap dung cho cac pha a, b, c.
Két qua phan tich mach cho phép xay dung bang trang
thai dong ngdt nhu Bang 1.

0] day, trang thai cac khod thod diéu kién 0 < S, <
SxZ < Sx3 < Sx4 <L
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va/a

vefa

=
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(d) Céu hinh 4

(e) Ciu hinh 5

Hinh 1: Cau tric bo nghich luu NPC 5 bac.

Bang 1: Trang thai déng ngat ctia bnl 5 bac npc

Sxi S Si3 Sxa VX0
1 1 1 1 7
0 1 1 1 3V, /4
0 0 1 1 Va2
0 0 0 1 Val4
0 0 0 0 0
Phén tich mach dién c6 thé dya theo cac trang théi
déng ngat & Bang 1, trong d6 cac phuong trinh co ban
ap dung chung nhu sau:
dvey
{ Vel TVe2 +Ve3 +Vea = Vg 3) ie1 = €y X dt
= dv
Ve +ves =Vy/2 iy =Cy % d;Z -
lel +ig2 —ie2 —inp1 =0 i O Des
. ) . 3 3 dt
io —ic3—inp2 =0 (4) dves
i3 —ig2 —inp3 =0 fe4 = Cax =
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Hinh 2: Mach dién mot pha BNL 5 bac NPC.

inp1 = inPla tinp1b +INPIC
INP2 = INP2a +iNP2b + INP2C (6)
iNP3 = iNp3a+inp3b + INP3C

Trong do:

- Vel Veds Vo3, Veq: Dién dp tic thai trén cac tu Cy,
Cy, Cs, Cy4.

- e1s ie25 ¢35 ica: DONg dién tiic thoi trén cac tu Cy,
Cy, C3, Cy.

- ig1, igp: Dong dién tic thoi cha nguén chinh va
ngudn phu.

- inp1> inp2, inp3: Dong dién tic thoi diém trung tinh
1,2, 3 di dén tai.

-inP1a» iNP1D> INP1e: DONg dién tic thai ti diém trung
tinh 1 di vao cdc nhanh pha a, b, ¢ & trang thai S, =0;
Sx2=83 =S4 =1

- inP2a» inP2ps INP2c: DONg dién tic thai ti diém trung
tinh 2 di vao cdc nhanh pha a, b, ¢ & trang théi S,|=
Sx2=0;Sx3 =S =1

- iNP3a> iNP3ps INP3c: DOng dién tic thai ti diém trung
tinh 1 di vao cdc nhanh pha a, b, ¢ & trang théi S,|=
Sx2 =53 =0;Syq =1

Phén tiép theo moé td cic phuong trinh mach cua
nhanh pha X trong tling trang théi.

+ Trang thdi 1: $;;=S,0 =83 =Sy =1

Céc phuong trinh dién ap va dong dién duya theo
Hinh 3, x=a,b,c:

Va
VXO = (le +Sx2 +SX3 +S.)C4) X Z — Vd
inp1x =0
inpox =0 (7)
inp3x =0
iPX - ix
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Hinh 3: Mach dién tuong duong mot pha BNL 5 béac
NPC & trang thdiS,; =S, =Su3 =Sus =1.

+ Trang thai 2: §,1=0;S,0 =Sy3 =S =1

oy L/
i(l
+ Fi
Va == ]
|
[ y_ Inea n
....... 3
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M el
Vo ==
2 inpz H
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+ 3
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3 inp3
+ fca
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——

Hinh 4: Mach dién tuong duong mot pha BNL 5 béac
NPC & trang thadiS,; =0;S,,=S,3 =Saa =1.

Cac phuong trinh dién 4p va dong dién dua theo so
do6 Hinh 4:

Vxo = (Sx1 +8x2 + 813 +Sxa) X % = %

INPIx = ix

inp2y =0 (8)
inp3x =0

ipy =0

+ Trang thai 3: §x1=S8,2,=0;S,3 =S4 =1
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gy ip
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Hinh 5: Mach dién tuong duong mot pha BNL 5 bac
NPC & trang thdiS,; =S, =0;S,3 =Suu =1.

Céc phuong trinh dién 4p va dong dién dya theo so
d6 Hinh 5:

Vxo = (Sx1 +Sx2 +8u3 +Sw4) ¥ % = %

inpix =0

iNP2x = ix (9)
inp3x =0

ipy =0

+ Trang thdi 4: $,1=S» =S3 =0;S4 =1

iay ip .
=1 D qsl
o
Va == Dsy 82
i inp1 |
dz 1 o 53
2 3x
[
- Ea e b
Vc]____ | ix>0 54
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Hinh 6: Mach dién tuong duong mot pha BNL 5 bac
NPC & trang thdi S, =S, =Su3 = 0;Sa4 =1.

Cac phuong trinh dién ap va dong dién theo so d6
Hinh 6:

Vxo = (Sx1 +Sx2 + 83+ Sx4) ¥ % = %

inp1x =0

inp2x =0 (10)
iNp3x = ix

iPX = 0

+ Trang thai5: §y;=S,, =83 =Sx4 =0

iy

ip =
i J;,q S
-
Va == Doy 52
ie 1 iNPl
sS3
% D.
4= -
Vo == S4
inp2 X
d
vaOvdel) s s &
LT . 81 N
e D', \
Z & \
Inp3 i
3 Sz :
D' |
R o
Vg == S. ’I
o D'z 1973 J
: !
- AL Si,f,
1]

Hinh 7: Mach dién tuong duong mot pha BNL 5 béac
NPC & trang thadiS,; =S, =S;3 =S = 0.

Cac phuong trinh dién ap va dong dién theo so do
Hinh 7:
Vxo=0
inpix =0
inp2x =0 (11)
inp3x =0
iP)C — 0

Phuong phap diéu ché séng mang
Ky thuit diéu ché séng mang phé bién dp dung cho bo
nghich luu 5 béc dugc mo ta trén Hinh 8a.
Song diéu khién Vg, ti 1é v6i dién dp nhanh pha,
dugc so sanh véi 4 séng mang cung pha, c6 do 16n
1éch nhau mét don vi nhu mo ta § Hinh 8b, théa man:
0<vu <1,1<v;3<2,2<V0 <3,3<v, <4
Ham song diéu khién dugc tinh todn dya vao tich
phén trung binh ham dién 4p nhéanh (2) trong chu ky
s6ng mang nhu sau:
Vxo
Vige = —2
dkx Vd/4
bién 4p nhanh Vg c6 thé biéu dién qua d) 16n dp yéu
cdu 3 pha tai V', V',V va dién 4p offset Vo nhu sau:

(12)

Vao =V +Vo
Vo =V, +Vo (13)
Veo =V +Vo
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R A A AT AT A A AT AT =
AV AVATATAY VJ \\/J\

(b)

Hinh 8: Ky thuat PWM s6ng mang BNL 5 bac: a) So
d6 nguyén ly ky thuat PWM s6ng mang, b) Dang
song ap diéu khién, séng mang va xung kich S;x,
Sox, Sax, Sax, A6 thi ap nghich luu v,g, do thi ap tai

Cac gid tri tu dién dugc chon C1= Cp = C3 = C4 dua
vao gid tri dién ap 16n nht trén céc tu dién V., d6 gon

dién 4p trén tu dién AV, bién do dong tai I,y va tdn

s6 f dién 4p nap tu dién

AVe o Iy Va
C= VCX},V oy

=C= 146 ~ 1700 (uF)

700/4 X750

Chon tu c6 dung lugng C = 1700 uF.

Bang 2: Tham sé mé phéng b nghich luu NPC 5 bac

Ky hiéu Tén dai lugng Gid tri
. Cong sudt dinh miic 5 KW
Uim Dién dp dinh mic 380V
vy Dién ép DC 700V

R Dién trd phu tai 15Q

L Dién khang phu tai 20 mH
cosp Hé s6 cong suét 0.92

C bién dung tu dién 1700mF
f Tén s6 co ban ngo ra 50 Hz
it Tén s6 song mang 5 Khz

Via.

Trong d6, v6i ky thuit SinPWM:
Vo=Vy/2 (14)

V; =V, xcosO
21
V' = Viu x cos 6—? (15)

ar
Vi =V, xcos 677

V la bién d¢ dién ap pha tai.
Két qua dién ap diéu khién dugc mo ta & dang ruat

gon:
Va
2
Vdka V€,44 +
b
VakB = 5 +2 (16)
Vd44
VC
VdkC Va/4 +

KET QUA MO PHONG VA THAO
LUAN

Mo hinh m6 BNL 5 bac NPC dugc thiét 1ap bang phan
mém Matlab/Simulink, d€ dénh gid tinh kha thi cua
cdu tric dé xudt. Cac tham s6 mo phong dugc cai dit
nhu Bang 2.
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M6 phoéng qua trinh qua d6 cta dién ap cac
tu dién DC.

Su 6n dinh dién 4p trén cac tu dién DC 1a muc tiéu
quan trong ctia ciu hinh dé xuét. M6 phong b nghich
Iuu NPC 5 bac ciu triac 3 (Hinh 1¢) dugc thuc hién véi
céc tham s6 nhu Bang 2.

V6i m=0.2, két qua m6 phong qua do dién ap trén 4
tu Cy, Cy, C3, Cy; dién 4p va dong dién ngd ra dugc
mod ta nhu Hinh 9a,b.

Két qua trén Hinh 9a cho thdy dién ap trén tu C;
va C4 gén béng gia tri danh dinh 175V, dién dp tu
V2=174.3V, dién 4p tu Ve3=175.7V, thoi gian qua do
5s. Sai s6 dién 4p 16n nhdt AV=0.4%. Trén Hinh 9b la
qué trinh dién 4p va dong dién tai. Do ap trén cic tu
DC gan nhu khong d6i, dong dién tai c6 dang sin.
Trén Hinh 10 a,b m6 ta cac két qua tuong tu khi thuc
hién mé phong cho trudng hgp m=0.8

Ké qud trén Hinh 10a cho thdy dién 4p trén
tu V¢1=170.6V, Vp=174.8V, V3=1752V va
Va=179.4V gin bang gid tri danh dinh 175V, thoi
gian qud do 5s. Sai s6 dién ap 16n nhat AV=2.5%.

So sanh su 6n dinh dién ap cac tu chia cac so
dé 5 bac NPC lai

Lén lugt 4p dung ky thuat SinPWM cho truong hop
m = 0.8 v6i gia tri 4p ban dau (ty = 0) trén mdi tu
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008
Ther glan (s)

(b)

Hinh 9: Két qua mé phong qua dé BNL NPC 5 bac
cdu tric 3 & chi s6 diéu ché m=0.2: a) Qua do dién
ap trén tu Cy, Gy, C3, Cy, b) D6 thi &p tai V,, va dong
tail,.

5
Thei gian is)

(a)

Hinh 10: Két qua m6 phong qué do BNL NPC 5 bac
cu truc 3 & chi s6 diéu ché m=0.8: a) Qua do dién
ap trén tu Cy, Gy, C3, 4, b) D6 thi &p tai V,, va dong
tai la.

bang Vd/4 =175V. Két qua mo phong dién 4p trén 4
tu C1, C2, C3, C4 cho céc cdu truc 2, 3, 4, 5 thi gia tri
ap trén cac tu ¢ trang thai xac l4p thu dugc trinh bay
trén Hinh 11.

Két qua m6 phong cho thdy, ciu truc 2, 4, 5 ¢6 dién
4p tu khong thé duy tri can bang & ché d¢ xac 1ap do
mot vai tu c6 dp xa dén mtic 0. Cu thé, cdu tric 2 ¢
4p Ve = 349.3V, Vo4 = 350.7V, V,y va V3 gidm dén
0. O cAu triic 4, dp V| = 524.8V, V4 = 524.7, V2 va

Vc3 giam dén 0. O c4u truc 5, ap Ve = Vg = 350V,
Ve va V3 gidm dén 0.

Quid trinh ty cin bing ap sau qua d¢ dugc ghi nhan &
cduhinh 3. Gid trj dién 4p trén cac tu duy tri gin nhau,
khong thay d6i trong sudt thoi gian khao sit. Béng
cach mod phong cho cac trudng hgp khac nhau cta
chis6 diéu ché m=0.1-0.866, két qua dién ap cac tu cdn
bang ap t6t dep xay ra cho moi chi s6 diéu ché va dugc
ghi nhin & Bang 3 va minh hoa trén Hinh 12. D¢ sai
biét AVc trong toan pham vi m dugc ghi nhin khong
VUgt qué gid tri AVemax=4.4 V. Do d6, ¢4 thé két luan
ring ciu hinh 3 st dung nguén phu Vy, = V;/2 ¢6
lgi thé duy tri can bing ap trén cac tu khi 4p dung ky
thuat SinPWM trong toan pham vi hoat ddng ctia ap
ngo ra.

Panh gia va so sanh chat lugng cda cau tric
3 véi cau tric 1

Trong phan tiép theo, chit lugng dap ting ctia cdu truc
3 sé dugc danh gia, dong thoi so sanh véi chat lugng
ctia cdu trac 1 khi ap dung ky thuéat Sin PWM dung
séng mang. Két qua khao sit d6 méo dang song hai
dién ap va dong dién tai khi ap dung ky thuat SinPWM
dugc mo ta trén Bang 4 va 5 va so sanh trén d6 thi
Hinh 13.

Do méo dang ap cdu tric 3 cd gia tri gidm trong
pham vi m=0.1—0.866. Gid tri THDy th&p nhét bing
18.29% khi m = 0.866. D6 thi THD,, ctia ciu truc 3
bam sat voi d6 thi THD, ctia cdu truc 1 nhu mo ta
trén Hinh 13b. Taim =0.1 THDy cua ciu tric 3 bing
168.58% so vGi 168.58% ctia cdu truc 1, sai biét nay 1a
0%.

Khao sat d6 thi THDy, THD; ctia cdu tric 3 cho théy,
két qua tuong tu THDy, THD; ctia cdu tric 1 nhu mo
ta trén Hinh 13d. Vi du, tai m=0.1, thi THD; ciu trac
314 2.29%, ctia c4u tric 114 2.29%, sai biét 1a 0%.
Dic tuyén diéu khién mo ta quan hé bién do hai co
ban 4p tai theo chi s6 di€u ché thu dugc tii mé phong
va mod ta trén Bang 4 va 5 va Hinh 13 cho thdy hai ciu
hinh 1 va 3 déu c6 dang tuyén tinh nhu nhau.

Két qua khao sat mé réng céu tric 3 bang
phuong phap PWM vgéi Offset trung binh
Trong phin khao sat nay, chit lugng dap ting cta ciu
truc 3 sé dugc danh gid khi ap dung ky thuit Offset
trung binh.

Két qua khao sat dién ap va dong dién tai khi 4p dung
ky thuat PWM véi Offset trung binh véi chi s6 diéu
ché m=0.2 dugc mo6 ta & d6 thi Hinh 14 a, b, c.

Két qua phéan tich ¢ Hinh 14a cho thdy dién ap
trén cac tuVe=175.1V, Ver=174.3V, V3 =175.7V va
Vs=174.9V gin v6i gia tri danh dinh 175V, sai
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Hinh 11: So sanh tinh 6n dinh dién ap tu DC cla cac sc dé.

Bang 3: Két qua khao sat 6n dinh dién ap tu cau tric 3 theo chi s6 diéu ché
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Hinh 12: D6 thi khdo sat AVc clia cac tu cau hinh 3 theo chi s6 diéu ché m.

Bang 4: Két qua khao sat THD%, bién dé hai co ban dién ap va dong dién tai cau trac 1

Chi s6 m Via THD_V% Il THD_I%
0.1 23.97 168.58 1.47 2.29
0.2 48.86 92.63 3.00 1.43
0.3 73.60 4991 4.53 0.82
0.4 98.23 42.46 6.04 0.60
0.5 122.90 35.59 7.56 0.62
0.6 147.90 25.86 9.09 0.32
0.7 172.70 24.52 10.62 0.38
0.8 197.50 21.93 12.14 0.35
0.866 213.90 18.33 13.15 0.28
Bang 5: Két qua khao sat THD%, bién d dién ap va dong dién cau truc 3
Chi s6 m Vi THD_V% I, THD_I%
0.1 23.98 168.58 1.47 2.29
0.2 48.78 92.62 3.01 1.44
0.3 73.63 49.88 4.52 0.82
0.4 98.29 42.39 6.05 0.61
0.5 123.00 35.43 7.56 0.63
0.6 148.00 25.73 9.10 0.36
0.7 172.90 24.45 10.63 0.40
0.8 197.70 21.88 12.15 0.39
0.866 214.10 18.29 13.17 0.34
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(d)

Hinh 13: Ky thuat SinPWM két qua so sanh ap va dong dién pha tai gilra cau tric 1 va 3 theo chi sé m: a) Bién d6
hai co ban ap tai, b) THD% dién ap tai, ) Bién do hai co ban dong tai, d) THD% dong tai.
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s6 dién 16n nhdt 0.7V. Dong dién ngod ra sin véi
THD%=1.32% thé hién & Hinh 14b va Hinh 14c.

Két qua khdo sat dién ap va dong dién khi dp dung
ky thuat Offset trung binh véi chi s6 diéu ché m=0.8
dugc mo ta ¢ d6 thi Hinh 15a, b, c.

Két quéa phan tich BNL céu truc 3 bang ky thuét Offset
trung binh véi chi s6 m=0.8 & Hinh 15a cho thdy dién
dptréncactu Ve =171V, V=177V, V3=173V va
Vea=179V gan véi gid tri danh dinh 175V, sai s6 dién
16n nhét 4V. Dong dién pha tai sin v6i do méo dang
THD%=0.31% nhu Hinh 15b va Hinh 15c.

Nhu véy, két qua khao sat va kiém chiing bang mo
phong trén Matlab/Simulink cho théy, phuong 4n st
dung 2 nguén thi cdu hinh 3 v6i nguén DC phu béing
Vd/2, duy tri 4p trén cac tu DC gin nhu khéng dai.
biéu d6 gitp cho viéc dp dung céc ky thuét diéu khién
do rong xung dat chat lugng tuong duong véi bo
nghich luu NPC trang bi 4 nguén DC Iy tudng.

KET LUAN

Bai bdo dé xuét cAu hinh BNL diode kep lai méi, bang
cach sti dung 2 nguén DC ddc lap. Viéc phén tich
mach cho thdy cc trang thai hoat dong ctia BNL méi
thay d6i khong dang ké so véi BNL NPC truyén théng
5 bac. Do d6, co thé 4p dung cac phuong phap diéu
khién PWM phé bién. Két qua moé phong cho théy,
cdu hinh BNL lai véi dién ap nguén DC phu V,;/2 ciia
cdu hinh 3 c6 dién ép trén cic tu sai léch nho xung
quanh gia tri danh dinh v6i moi gia tri chi s6 diéu
ché. biéu nay gitp cho dic tinh diéu khién, d6 méo
dang dién ap va dong dién ngo ra dat chit lugng cao
gan bang voi cdu hinh 5 bac NPC Iy tudng.

Mo hinh thyc nghiém hién dang dugc 1ap dit. Cac ky
thuat diéu khién t6i uu tén hao, giam dién 4p common
mode va danh gid hiéu sudt hé théng b bién ddi sé
dugc nghién ciu trong cdc cong trinh ti€p theo.

L &1 CAM ON

Nghién ctiu nay dugc tai trg boi Pai hoc Quoc
gia Thanh phé H6 Chi Minh (PHQG-HCM) trong
khuoén khé Dé tai ma s6 C2021-20-12

DANH MUC TU VIET TAT

NPC: Neutral-Point Clamped

FLC: Flying capacitor inverter
SinPWM: Sin Pulse Width Modulation
BNL: B¢ nghich luu

XUNG POT LOI ICH

Nhém tac gia xin cam doan rang khong c6 bt ky xung
dot lgi ich nao trong cong bo bai bao.
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Hinh 14: Ky thuat PWM véi offset trung binh -két qua phan tich dién &p va dong dién pha tai clia cau hinh 3, véi
chi s6 m=0.2: a) DBién ap trén tu VC1, Ve, Vs, Ve, b) d6 thi dong dién, dién ap pha tai, ¢) FFT dong tai.
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m=0.8: a) Dién ap trén tu Vcy, Ve, Vs, Vs, b) d6 thi dong dién, dién ap pha tai, ¢) FFT dong tai.
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A novel five-level neutral-point-clamped inverter with an auxiliary
DC source

Loc-Phuoc Nguyen', Hieu-Thanh Bui', Nho-Van Nguyen®"

ABSTRACT
Multi-level inverters have drawn much intention from researchers and industry, in which 3-level
R inverters have been widely used in practice. One of the most interesting issues is to increase the
Use your smartphone to scan this number of levels to achieve higher performances such as large power, high voltage and low har-
QR code and download this article monic distortion. Basic multilevel inverter configurations such as neutral point clamping diodes,
flying capacitor clamping, and cascaded inverters have their own disadvantages when increasing
the number of levels. To overcome these problems, different hybrid multilevel inverters have been
proposed. As results, there are a lot of five-level hybrid inverters designed for practical applications.
This paper proposes a new hybrid 5-level neutral point clamped inverter by adding auxiliary DC
source. The novel hybrid inverter shows its performances comparable to the ideal NPC inverter fed
by 4 ideal DC sources, and requires hardware simpler than cascaded and flying multilevel invert-
ers. It has a good ability of self-balancing of the voltages across the DC capacitors. Consequently,
simple and effective PWM control strategies can be utilized that enables achieving high working
performances. The paper content consists of analyzing of the proposed hybrid inverter config-
uration, investigating the voltage balance on the DC capacitors, validating control characteristics
and studying output performance when applying the carrier based pulse width modulation con-
trol. The analysis and characteristics of the proposed configuration are verified through simulation
results using MATLAB/SIMULINK.
Key words: Five-Level Neutral-Point Clamped inverter, Auxiliary DC sources, Sine PWM technique,
DC voltage balance
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	Bộ nghịch lưu năm bậc diode kẹp lai mới với nguồn DC phụ
	Giới Thiệu 
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	So sánh sự ổn định điện áp các tụ của các sơ đồ 5 bậc NPC lai
	Đánh giá và so sánh chất lượng của cấu trúc 3 với cấu trúc 1 
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	Kết Luận 
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