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DANH GIA VE CAC BO VIENNA DA MUC MOT PHA VA DE XUAT
SO DO VIENNA 7 MUC CHO CAC NG DUNG PFC AC/DC

REVIEW OF SINGLE-PHASE MULTI-LEVEL VIENNA CONVERTERS AND PROPOSAL
OF 7-LEVEL VIENNA CONVERTER FOR PFC AC / DC APPLICATIONS

TOM TAT

BG hién doi da miic PFC (Power Factor Correction) AC/DC Vienna vdi s6 lrgng
van ban dan diéu khién it nhét da nhan duoc su quan tam rong rai trong nhiing
nam qua dé cai thién chét lrong dién néng dau vao ctia céc hé théng chinh lwu
cling nhir 14 tao ra hé s6 cong sudt bang mot. Trong bai béo nay, téc gia danh gia
vé cac so db 3 miic, 5 mic va dé xudt so do 7 muc cling voi diéu khién PWM
(Pulse Width Modulation) d loai bd s6ng hai tn s6 thap trong dong dién va dé
dat duroc hé s6 cdng suat bang mot & dau vao cda bd chinh lyu. Tac gia d& md
phdng va so sanh THD (Total harmonic distortion) dong dién cho ca ba so do voi
cling mot mikc cdng sudt 3kW. Cac két qua clia nghién citu dugc kiém chiing béng
m0 phang bdi phan mém PSIM.

Tlr khdas: BA bién doi da mirc, VIENNA, hiéu chinh hé so cong suat, diéu ché do
rong xung.

ABSTRACT

The PFC (Power Factor Correction) AC / DC Vienna converter with the least
number of control semiconductor devices has received wide attention over the
years to improve the quality of the input power systems, and to obtain utility
power factor. In this paper, the author reviews 3-level, 5-level topologies and
proposes a 7-level Vienna topology with PWM (Pulse Width Modulation)
control to eliminate low frequency harmonics in the current and to achieve
power factor equal to one at the input of the rectifier. The author simulated
and compared the THD (Total harmonic distortion) of current for all 3
structures with the same power level of 3kW. The results of the study were
verified by simulation by PSIM software.

Keywords: Multi-level converter, Vienna, Power Factor Correction, Pulse
Width Modulation.
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1. MG DAU

Céac bd chinh lwu tich cwc da tré nén ndi tiéng trong
thap ky qua so véi cac bd chinh lwu diét va chinh lvu da
Xung, vi c6 chat lugng dong dién phia xoay chiéu va dién
ap phiadaura tét hon [1, 2]. Xu hwéng chung trong dién ti
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cdng suét la ting tan sd chuyén mach van ban dan nham
giam thiéu s6ng hai va qua dé giam kich thwdc bo loc. Tuy
nhién, viéc tang tan s6 chuyén mach lam ton that chuyén
mach tang dang ké & mc cong suat I6n. Mot s6 phrong
phap dé gidm tén that chuyén mach, dong thoi cai thién
chét lvgng dién nang, dad dugc dé xudt la thiét ké bd bién
déi cong hudng va bo bién déi da mic. Trong s6 dé, bd
bién d6i Vienna ba mirc da dugc nghién cru trong mot sé
bai bdo va duwoc &p dung réng réi trong cac nganh céng
nghiép khac nhau nhu UPS (Cung cép dién lién tuc), vién
thong [1], hé théng tuabin gid [2, 3] va cac hé thong hiéu
chinh hé s6 cong suat [4].

Trong bai b4o nay, tac gid danh gia vé so do Vienna 3
mrc, sau dé ma rong thiét ké ra so do 5 mirc, tir d6 dé xuat
so d0 7 muic. TAc gid cling da phan tich, so sanh cac
phuong phap diéu ché, tinh toan so sanh THD dong dién
cho cac so dd va kiém chirng hoat ddng clia cac so dd bang
phan mém mo phéng PSIM.
2.S0 DO VIENNA AC/DC 3 MUC MOT PHA

So d6 Vienna 3 mirc mét pha mot chiéu cong sudt nhw
thé hién & hinh 1. Trong d6 chi ¢cé mét van cé diéu khién
dwoc st dung. Gia thiét rang ché do dan lién tuc, dién ap
dau vao clia bd chinh luu Vinput ¢é trang thai dinh nghia
duoc xac dinh béi cac trang thai ON / OFF clia van ban dan
c6 diéu khién va phan cuc clia dong dién xoay chiéu tai bat
ky thoi diém hoat dong nao. Vi du, néu dong dién i,. dwong
va van ban dan co diéu khién Tr khéa, dién ap gilra cuc A
clia bo bién d6i va diém gitra O clia bus mot chiéu, tvong
dwong dién 4p van la Vs. Buong di clia dong dién trong
treong hgp nay dugc minh hoa & hinh 2a. Néu dong dién
I, 12 duong va van ban dan Tr 1a dan, thi dién &p van bang
0 va trong trvong hop do dwong di cla dong dién duoc
minh hoa trong hinh 2b. Twvong tv nhu vay, néu dong dién
Ixc 12 @&m, dién ap van mang la -Vs néu van ban dan Tr 1a
khoa ho#c bang 0 néu van ban dan Tr dan nhu dugc minh
hoa lan luot trong hinh 2c va d. D€ loai bd séng hai tan s6
thap (tan s6 thdp hon tan s6 chuyén mach) trong dong
dién xoay chiéu, dién ap pha dau vao bd bién do6i phai
khong c6 séng hai tan s6 thap, ngoai trir séng hai bac ba,
c6 thé xudt hién trong tin hiéu diéu ché dé tang thanh
phan co ban makhoéng bi qua diéu ché.
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Hinh 2. a) Budng dan clia dong dién tng véi dong xoay chiéu dau vao 1,:>0
va van ban dan c6 didu khién OFF; (b) 1,:>0 va van ban dan cd didu khién ON;
(c) 1,c<0 va van ban dan c6 digu khién OFF; (d) 1,,<0 va van ban dén c6 diu
khién ON

3.BOBIEN DOI AC/DC VIENNA 5 MUC

Hinh 3a thé hién so do Vienna 5 mic bang cach mé
rong thém mot nhém chuyén mach khi dong dién dwong
va mét nhém chuyén mach khi dong dién am [5,6]. Hinh
3b, cho thay phan mé rong 5 mic bang céch bé sung thém
mot nhom 3 mirc ndi tang, dugc dat tén la PFC xép chong 5
mirc [7]. Trong moi trudng hop, can lvu ¥ rang cac tu dién
noi dugc thiét ké (rng voi tan sé chuyén mach, chi phai chiu
dién ap dién muc la Vs/2 va duy tri Amps-giay chi trong
mot ntra chu ki thoi gian clia dong dién xoay chiéu. Nhirng
tinh chat nay rat quan trong, cho phép chon tu dién noi
nhd, dong hiéu dung thap va kich thudc nhd so véi cac bo
bién déi thong thwong.
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Vs/2

| Vinput

. ey input
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d)

Hinh 4. Minh hoa duong dén dong dién khi dong dién 1AC duong. Khi van
ban dan Tr1, Tr2 cting khda (a); Trl OFF, Tr2 ON (b); Hai van béan dan Tr1, Tr2
cling ON (c); TrL ON, Tr2 OFF (d)
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Bang 1. Phan tich trang thai hoat dong clia mach dién khi dong dién duong

Ctrl_Tr, | Ctrl_Try|V_Tr,|V_Tr, |V_Ds; |V_Ds, | Vi |CdVcl| CdVc2

fdt | /dt

0 0 |[Vs/2|Vde/d| O |Vskhong| Vs | 0 0
dong cat

0 1 |vs2| 0 Vs/2 | Vsf2 [ Vs2| +le | O
dong khéng

cat | dong cat

1 1 0 0 Vs/2 Vs/2 0 0 0
dong | khong
cat | dong cat

1 0 0 | Vs/2 0 |Vskhong |Vs/2| -l | O

dong cat

4.CHIEN LUQOC DIEU CHE DO RONG XUNG

Cac phuong phap chuyén mach cho bé chinh lwu
Vienna duoc dé xuat trong [4-5, 8-10]. Cac phuwong phéap
nay dap (rng yéu cau déi véi hoat dong binh thuong ctia b
chinh lvu Vienna: dau cla dong dién phai cung véi dau
hiéu cla dién ap [3-5, 8-10]. Do d6, b chinh lvu Vienna cé
mot han ché trong thay déi hé s6 cong suét. Trong sO cac
phuong phap chuy&n mach nay, cac phwong phéap chuyén
mach tré dugc dé xuét dé kiém soat cac dong dién dau vao
c6 dugc dang song hinh sin [3-5]. Cac tin hiéu chuyén mach
duoc tao ra bang cach so sanh dong dién tham chiéu hinh
sin va dong dién xoay chiéu do dugc. Mdc du cach ti€p can
nay dé thuc hién, nhung tan sé chuyén mach khong phai la
hang s6. Do d6, phwong phap nay gay kho khan cho viéc
thiét ké b loc dau vao. Cac phuong phap diéu ché doé rong
xung da dugc dé xudt nhu la gidi phap cho cac nhwgc diém
clia cac phuwong phap chuy&n mach tré. Phuong phap nay
dam bao tan sd chuyén mach khong doi.

Tin hiéu diéu ché cho phép dién 4p xoay chiéu dau vao
vGi THD t8i thiéu va can bang dién ap cla hai tu dién néi.
Da6i v6i hoat déng clia bd 5 mike, bon sdbng mang phai duoc
str dung. Cach ti€p can dau tién dwoc chi ra trong hinh 5a
va bao gom viéc mé réng bd diéu bién 3 muic véi hai séng
mang xen k& léch pha mot gbc m. Gidi phap nay cé thé
dwoc st dung néu co tinh can bang tw nhién duoc thuc
hién thdng qua b6 loc duwgc dét & dau vao clia bd bién doi
& tan s6 chuyén mach. O day, céch tiép can nay khéng phu
hop voi chién lwoc xt Iy 16i vi viéc gidm tan s biéu kién
trong ché dé 16i tao ra sv cdng hudng véi bd loc dau vao
duwoc diéu chinh & cung tan s6 (nghién clru ti€p theo cla
bai bao nay).

M6t giai phap c6 thé dwoc st dung dé can bang & tan sd
thap bang céach kiém soat cac hé s8 diéu chinh khac nhau.
Ngay ca khi can bang duoc thuc hién trén hinh 5b cho thay
gidi phap dau tién nay cung cép dién ap pha khéng duoc
t6i wvu hda do sy thay d6i pha 1 clia s6ng diéu hoa dién ap
& tan s6 chuyén mach biéu kién khi miic diéu ché vurgt qua
{-1/2, 0, 1/2}. Tuy nhién, hinh 6a cho thay mét giai phap rat
tha vi thi hai do b6n séng mang xép chdng thé hién trong
hinh 6b, dang séng dién ap pha duoc téi wu héa do triét
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tiéu séng hai dién ap day & tan sd chuyén mach biéu kién.
Trong gidi phap tht hai nay, viéc can bang dién ap phtc
tap hon so voi chién lwgce dbi pha. MGt may trang thai duoc
chi ra trong [10] nhung né sé khdng duoc chi ti€t trong bai
bao nay.
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b) Dién dp 5 mikc dau vao clia bd bién ddi Vienna 5 mic
Hinh 6. K&t qud md phdng tng voi phuong phap digu ché clng pha
(Modulation PD)
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5. DE XUAT BO BIEN DOI AC/DC VIENNA 7 MUC CELL 1-

Tac gia dé xudat so do AC/DC Vienna 7 muc cé cau tao
gbm 4 van c6 diéu khién, 2 diot chinh luu, 6 diot chuyén
mach, 2 di6t chin, 4 tu nGi nhu thé hién & hinh 7b.

Doi voi dong dién xoay chigéu duong, hai nhém chuyén
mach clia so do Vienna 5 muc (hinh 7a) sé thay nhau hoat
dong dé tao ra dién ap 3 mic & nira chu ki dwong bao gém
cac murc dién ap {+Vs, +Vs/2, 0}. Nném chuyén mach s6 1
(danh dau mau vang), nhém chuyén mach sé 2 (danh dau
mau cam). D€ c6 dwoc dién ap 7 mirc, thi tac gia dé xuat bo
sung thém mét nhém chuyén mach déi vai dong dién
duong nhu thé hién & hinh 7b. Nhdm chuyén mach s6 1
(danh dau mau vang), nhém chuyén mach sé 2 (danh dau
mau cam), nhém chuyén mach s6 3 (danh dau mau do).
M6t cach twong tw ta sé c6 hai nhdm chuyén mach clia so
dd Vienna 5 mtc (hinh 8a) va ba nhém chuyén mach clia so
do Vienna 7 murc (hinh 8b) déi véi dong dién am. a)

\V/
X

OFF OFF OFF
> > >

CELL 2+

CELL Y- CELL2- CELL3-

a) 1 S
™~ il Ll

I~
CELL 1+ CELL2+ CELL3+ b)

Hinh 8. Cac nhém chuyén mach clia so do Viennaa) 5 mikc, b) 7 mic (ng véi
dong dién xoay chiéu dau vao duvong (1,.<0)

M®Gi nhém chuyén mach sé& hoat dong & tan sé chuyén
mach I&n, cac trang thai chuyén mach (ng véi dong dién
xoay chiéu dwong dugc thé hién & bang 2, qua phan tich

I tac gia thady rang bang viéc diéu khién bén van transistor

thi da tao ra cac trang thai can bang cho céc tu ndi, 2 tu noi

& tang trén va tvong tu nhu vay doi véi nlra chu ki am clia

dong dién. Mdi tu ndi trong qua trinh hoat dong chiu dién

ap cao nhat la Vs/3 ddi véi cac tu Cy, C,, va 2 Vs/3 dbi voi

cac tu Cy, va Cy,. Trong khi d6i véi so do Vienna 5 mirc ¢6 2

tu néi vai dién ap dinh mrc 1a Vs/2. Mot wu diém clia so do

Vienna 7 mic dugc thiét ké la c6 thanh phan dién cdm thu

dong dau vao nhé hon rat nhiéu so véi so d6 3 mirc va 5

mrc do mdi van cé diéu khién chi phai chiu dién &p Vs/3 so

V(i Vs/2 clia so d6 5 mic va Vs clia so do 3 mic. Trong khi

Hinh 7. C&c nhém chuyén mach clia so do Viennaa) 5 mic, b) 7micing véi  tan s& déng cét clia van transistor & so ¢ 3 mic 1a fsw, con
dong dién xoay chiéu dau vao duong (1,>0) so dd 5 mic 1a 2.fsw va so dd 7 mic 1a 4.fsw.

b)
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Bang 2. Phén tich trang thai hoat dong clia so d6 Vienna 7 mic khi dong
dién duong

Ctrl_Tr, | Ctrl_Tr, | Ctrl_Tr, | Ctrl_Tr, V_input Cdvclp/dt | Cave2p/dt
0 0 0 1 Vs 0 0
1 0 0 1 |-Vs/3+Vs=2Vs/3| -IAC 0
1 1 0 1 |-2Vs/3+Vs=Vs/3 0 -IAC
0 1 0 1 | Vs/3-2Vs/3+Vs | +IAC -1AC

=2Vs/3
0 0 1 1 2Vs/3 0 +IAC
1 0 1 1 -Vs/3+2Vs/3 -1AC +IAC
=Vs/3
1 1 1 1 0 0 0
0 1 1 1 Vs/3 +IAC 0

6. KET QUA MO PHONG
Md phéng hé théng 3kW da dugc thirc hién bang phan
mém PSIM. Céc dac diém hé théng dwgc mo ta & bang 3.

Bang 3. Cac thong s6 md phéng

Thong s6 Giatri
Cong sudt dinh mikc 3kw
Dién p hiéu dung ngudn xoay chiéu 230Vrms
Dién &p DC- Link 700 - 800V
Pién cam dau vao 0,165mH
Gid tri moi tu daura 2mF

Két qua mé phong clia so do Vienna 3 mic dugc hién
thi trong hinh 9. Bién &p dau vao cta bd chinh lvu Vinput
¢6 cac murc {+400V; 0; -400V}. Mdi transistor dong cét dong
dién xoay chiéu dau vao voi tan sé fsw va mang dién ap
400V va hoat dong & ca hai chu ki cia dong dién xoay
chiéu. Céc diot chuyén mach (Dal; Da2) va diot chén (Ds1;
Ds2) déu dong cét & dién ap 400V.

Inet' Vnet

%gg{ﬂ H‘ | HM i il it

VDs2  |[Ds2'§

A Dién dp va dong dién cla diot Ds2
020K J
w e

Vo2 I[pa)*s

T

00 500 1000 1500 2000
Time (ms)

Hinh 9. Cac dang sdng md phdng dién hinh cho so do AC/DC Vienna 3 miic
3KW/ 230V AC/50Hz/ 800V DC-link/ 31,25kHz
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Hinh 10 thé hién md phong ctia so dé AC/DC Vienna 5
mikc vai cac mach vong diéu khién dong dién va dién ap,
bao gdbm quaé trinh khéi dong. Bién ap xoay chiéu dau vao
clia bd chinh lvu c6 5 mic {+400V; +200V; 0; -200V; -400V},
moi tu ndi s& phong va sac & xung quanh dién ap lam viéc
200V. Pién ap trén hai tu ndi dwoc can bang véi phuong
phéap diéu ché PWM Phase Disposition.

Vinput  |AC*S

400
200

0
-200
-400

Tin hiéu dong dién
xoay chiéu dau vao

Veap1 Vbus1/2+60 Veap2

260

240 |-Cacdiéndp tundi
20 R
200 «———F-—ﬁwiﬁ—-’”

180

Vs/2+60

160 1
Vsl2-10 Cac songmang
trif_sup  ti2sup ratio
400
200
! i

Time (s)
Hinh 10. Cac dang song md phang dién hinh cho s do AC/DC Vienna 5 miic
3kW/ 230V AC/50Hz/ 800V DC-link/ 31,25kHz

Vine  Velp  We2p Wl Vel lines
40000

Cac dién dp tu ndi tang trén
it

Cac dién &p tu ndi tang dudi

00 1000 2000 3000 4000
Time (ms)

Hinh 11. Két qua m6 phang cla so dd AC/DC Vienna 7 mic 3kKW/ 230V
AC/50Hz/ 800V DC-link/ 31,25kHz

Két qua mé phong clia so dd AC/DC Vienna 7 miic duoc
thé hién & hinh 11. Dién ap xoay chiéu dau vao cla bd
chinh lvu ¢6 7 mrc {+400V; +266V;+133V; 0; -133V; -266V,;
-400V}, mdi tu ndi s& phéng va sac & xung quanh dién ap
lam viéc lan lwot la 133V va 266V. Dién ap trén hai tu noi
dwoc can bang voi phuong phap dieu ché PWM Phase
Disposition. Tac gia cling da tinh toan THD cla dong dién
xoay chiéu da cho thdy THD dong dién cla so do Vienna 7
mUrc trong ché do lam viéc binh thudng nhé hon THD dong
dién chia so d6 5 mirc va 3 mirc nhw két qua 6 bang 4.
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Bang 4. Bang so sanh THD dong dién clia ba so d6 -3kW

Vienna3mic | ViennaSmirc | Vienna7miec
Dién &p DC-link 800V 800V 800V
THD dong dién 7,1% 4,45% 1,21%
7. KET LUAN

Cau trac ctia bd chinh lwu tich cwc PFC Vienna 3 mic, 5
muc va 7 mirc dwgc gidi thiéu trong bai bdo nay. bac biét,
bai bdo dé xuat so do Vienna 7 mrc v&i chi 4 transistor ¢
diéu khién so véi cac so dd 7 mitc khac da dwoc nghién cliru
nhv Double-Boost hay xép tang can phai c6 it nhat 8
transistor cé diéu khién. Phrong phap diéu ché PWM duoc
st dung cho két qua hoat dong t6t clia so d6 7 muc dé
xuét, cac dién ap tu ndi dwoc can bang tw nhién, va co cac
gia tri twong tng la {2Vs/3; Vs/3; -Vs/3; -2Vs/3}, cac bac muc
cla dién 4p dau vao bo chinh luu la Vs/3. KEt qud mo
phéng bang phan mém PSIM cling cho thdy THD dong
dién ctia so do Vienna 7 mic dé xuat nhd hon nhiéu so voi
THD dong dién ctia cac so d6 3 mirc va 5 miic.
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