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Research on VIENNA Rectifier Integrating Zero-crossing
Distortion Suppression and Reactive Power Compensation
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Abstract: As an excellent front-end rectifier for power supply, the VIENNA rectifier is widely used in
medium-to-high voltage and high-power scenarios such as electric vehicle charging piles and wind power generation
systems. However, due to the unidirectional flow of its topological energy, there may be current zero-crossing distortion
under traditional control methods, resulting in weak reactive power compensation capability. Therefore, based on the
analysis of current zero-crossing distortion, a control scheme integrating zero-crossing distortion suppression and
reactive power compensation was adopted, with a focus on analyzing the constraints faced by the VIENNA rectifier
when providing maximum reactive power compensation capability, as well as the capability of the VIENNA rectifier to
provide additional reactive power compensation when delivering different active power to load. Simulation results
verify that the adopted control scheme can effectively suppress the zero-crossing distortion of input current of the
VIENNA rectifier and thus enhance its reactive power compensation capability.

Keywords: VIENNA rectifier; input current zero-crossing distortion; reactive power compensation; power level

W A AR PR B AL, gk PROAUATERR ) R GE L, A RE TR RS
PR, AERXMIEOL T, R BRI A AR K

WA EHEA: 2023-09-14; EEIEHA: 2023-10-30; RAHH:

2023-11-21; MEEZBH: 2024-05-14

E&WH: HFEARPAESRIINH(51577187); ik
FHEABIINY 55 9% 5% B3 H (2021 YISID15)

This work is supported by National Natural Science Foundation of
China under the grant 51577187; Fundamental Research Funds
for the Central Universities under the grant 2021YJSJD15

HL R i LA R U g i ) Sk
i 1 TC I AMZES SVC(static var compensator) . Fi IF
JoU) &A= 4% SVG(static var generator), A5 YR HL J7iE
i #% APF(active power filter) 15— H BE ot &8 17
#% UPQC(unified power quality controller)5s Hi HE



68 i, b

E 4 %524 %

PG A B AR R T N, RS AME RPC
(reactive power compensation) 5 i I HL I #b £
HCC(harmonic current compensation) /7 TR HUS T K
SRR DY R st T s )RS 56 1 B 4 i
TTA S, DL R BE B A% i R i) JC D) AR i
HLUR AR, BN REE ek H Be BT 1
B ), Bk B R GE H 253
Lo, BRBZ BTN AN, & RPC Ml HCC J)
FE S R BAT 5 FH 08 0 i) 5 B [0) D) R AR e 5 v
AIREE— PG . AR RS 1Y 0 L RE o
B £,

SR YRS AR LG, LA VIENNA 35 25
SRR B Dy AR, AR LT e g e
NI N AT AN o TR DS 1Y T Y WS E
K, HETC 2 H T HEAG Hi s i, K
NERRSG ., BEBRERESF T EERIEY
A FEST A (R R I AESL , 5 RPC 5 HCC
DIRetEiE] VIENNA #jpigstr, SCBICy it h
2 BB AR, O H R A H e o e B E
B SCR[7 1R 1 T 6 RPC 5 HCC TIREHE AL
F| VIENNA B RTHE, HihTHEA
g A HL T AR (R, BEAR Y RPC BEIICT
Hig, HIE LS A AR 12%. HAbTR+E
B, BhE5 VIENNA 2 ds U MER A TR, 7T
RETCIL S8 A ME I HL W TR ¥ TC D, (HR 2 538
TR RPC IR B AR TE A H IR N,
Mt “BUNTCHIFSE” W, AT LA RGE R
TCIAMERE T, X 038 S Sl P H O i i o i EL AT o
PR

VIENNA #3777 7E [ A7 1 A H o 2 g
AR AR R EOL RPC REJ) S50 F 2R, @i
il AL AT R i AR SR AR T VIENNA - 3 i 4% 1Y
RPC fig 151z i 50! SCR[11I M9
TSRS b o3BT 1 AR P A S A ISR AR
Py A R A AR s SCRR[12]82 1 FhiE
JITF VIENNA B2 ) I i e A2 B e L U A 1) 42
ISR, ARG T i RIS S I [ i 2oy
T A, i T L HL I B VSRR ASR 3C

FR (13142 0 56 T ) 3 o MR e A O 0 25 1) — A
VIENNA &35 25 JOAS 8 T 75 42 ol SR e, b &2
T AR AR BRAL TR AE E BK  SCRR[14]
KR LCL U8B S BETEA 3 UG, M
L AR, T R — S BRI TSR
AN T A SCHR[15 1452 & T AR AT iR
LI PWM e i Je s il i, AR
SEAEXT VIENNA B35 0 TO Mg il A e
8 4 3 S5 SR 1614 1 7y F F — PR R K P B 42 il
FEE, fede e BRI LR TR R, S
AIYFMERE AL IRAE T 5% SCER(1 7]\ L IR
WRRFATT &, RAEATY) 5311 7
AU AT, DT AP F i 2 W 28 5 SCHR[18]
N3 L 5 e i B A BE 3BT VIENNA & i e
T ARG, R E M —E R T LR,
6 A iy FEL R R 5 P A K e ) A S 32 81400 )
T AR B o R SR MR R A b T
VIENNA #2550 A i WA g, e 77 vk
WIHARAN G T AR T AR, (BT a0 oy
¥ RPC £ VIENNA #3281 b 1 HE .

ARICRAT 1 G Z w5 To oAb
AR SRS, ATEIDH] VIENNA B 25 A
LA ZE AR 1 [ o SR T D AMEAE B A3 HT T U
PR TCIIAMEBE 7 B9 2 o S5 K I 5 OR R 1)
IR R, 24 B R TCUAMESE 571
S sems seiiy 21 fen i 0 A R YGE T
JIr R R 7 S8 (A R ERT AT AT, AR EEE
I L) R U S I A PR AL T e A

1 VIENNA Eifi 23 % 5 WA IR H

—AH=IFK VIENNA BaasaniE 1 s, E
e ug wy u RIS AR 4, iy i
=SSR AL ;s L, Ly Lo A AS T A0 HL
H L=L=L=L; C, T C, HAHA ERMEE; U,
U 500 2 DERHRAREIE; Uy, N EEN
R R A ETAR N4 D~Dg 6
A S,v Spv S T ANIIRIFRARFR 4 41—



Tl 2o 2 i AR o) TG AMEE Y VIENNA 22 4857 69

%3 IRiE, S
BRAE ZE R O ) A
P
; D,z D3z Dyx +
g, 3 Sﬂ-J ] .
) K ﬂ 3 CI f=— UQ
oy b T N I;LI:IUd
-3 ﬂﬂ 3 +
— U Y,
Ll |l g lers
3 &
D,s D& D,& _

B 1 VIENNA ZimaSm b
Fig. 1 Circuit topology of VIENNA rectifier

A VIENNA S febshldens p, i
PR R B RO B B 40 B AR5 oL
SRt 55 1 8 SR8 00001 R B 1 R
. BEEHIERE 2 Bk, B, Uy R
LA 1, M i, 5504 dg WEREABERR T d.
g BRI, 1 AR PR AR A e
BEEMENBRS S o WERBMHHE o,
Hlu, M dg WERE AR Z T IO R R 0 0
M 2 HLTEAE dg HERE AR b7 3 T IR o
i 1y ARSI HEAR A e 24
Hh P4 A

U, Uy U,

PLL

SPwM I
I

B2 FTIhiMEIEHIRESIER
Fig. 2 Block diagram of reactive power compensation
control strategy

P 2 WO, izl e b, AR )
AURIRSHH i) (RN R A i
ANFITES S HAA i, , AT S BU A HRIE HTET
JRRAFLIE, )i R AP s I TR,
ST TAMETIRE o IR, VIENNA B &5 145
il 7 FE N

di K\,
Lﬁf+Rg:(Km+ "}g—g)

i)
N

(1

N v

di
Ld—"+Riq =K, +
t

e ROWSSHMISERLALIE s K A1 K 70500 B
PRER LA 19 38 45 R PRI 3 4 o

2 VIENNA EiRzmaNER T E/mT
N oK B

21 MANBRIEZEHTFEESH

—AH VIENNA 3 a5 x A A A i %
Wi 28 B G 02 T Tt x AH S T AR R T R T e A
O ML ERE U, 5 x AR i (x=a, b, c)Hk
PEA—Z, JR S 80 A B F A S
TERA DR N 21T, VIENNA B 28
T R He F AR S R A R A 3 s, B, U,
SR A it N0 IR HL U L R i L

Uwo=Uy UomUntUno

(a) ¥ VIENNA (b) ZHIVIENNA

B 3 VIENNA ERsR iR EH TIEiTR 32 5mm
BEHRSEHEE
Fig. 3 Phasor of fundamental component on AC side of
VIENNA rectifier operating at unit power factor

WA E 3(a)FI(b) T A, FHEFHAH VIENNA
AR, A VIENNA EHa£L T 1 Hniss
Uso» BTG N SHIET S O ZER I,
DATEFCh b s i . SRAME SR =X, =4
VIENNA B3 a8 (1 rh e S R U, BARARAEAE —
SEFRRE Rt A B IR R I AR R B, (H DA
TSI &, i S R A e I S A
TLRERARTREE . I, PRI AR | Zania
17, WIBUR IR S T R A il i A2
2.2 WNBREEE TG K

LEWANGER Tl et 1B S O S T e e 5
Uidw a. by o = AHL AR A HL I
DX P R g s il T i, DA R i e — A A
T A 3o ZE AR DX () B AR AR il v

PRI, 7T SR FH A2 e Fe 0 i A H A 7 i
AW AR X, FaAS PR ] DR TS %A



70 Bl % M %24 %
KFon, E XA VIENNA B35 2% x AR AT PO wy L i
1o 7 R A DX B R S I R(2) -
{i:xuio <0 sign x =1 - 5 e SPWM | %
o . . x=a,b,c 2 Y . e
iu,>0 sign x =0 - Yoy + _ %
et sign v=1 FORBELE x M AHLITIE S % A0
W7AZIX 5 sign x=0 KRR & x A AL AR HEA e

24 VIENNA #3id% a. b, ¢ A AR
AT AR DA, I A AN A RS &
WEAR ), PR TETS FXt VIENNA i s bl
HLE uy, SR TES I BRIAL R 0, B

u* =u*
{ W x=a,b,c (3)
Uy, =0

Sl /= A VIENNA ZE e a5 5 i A
a.b.c 5 =HHIE S O Z B u, v uys u,,
() 5L 0% sy AT RE A H FRIL A e S H uy, « gy
u, B4k, B

Uy =gy + g
o = Uy + il 4)
ucO = ucN + uNO

M x FHE AR A AR X, u, KRt
ik 0, AEZARR A BT R AT TR, A
et o, B

u:N =0 x=a,b,c %)
B OMRAKXG)H, wlf

u:N = x=a,b,¢c

o =g ©)

y=ab,cHy=#x

KB EX (045G, IFFIAXQ)H e Lk
A HLEHEA G W AR X AR sign x, SRR ik
7E SN

* * .
Uy = Z u,,-signx
x=abe x=a,b,c @)

* * *
Uy =Upo ~Uno

TETCI M ] SRS HE P Bl g A FR i
M AZ R A P HE P AN AT 4 iR

B4 BB EE T REER
Fig. 4 Block diagram of input current zero-crossing
distortion suppression strategy

3 VIENNA ZiRss LI RAMZEE S
S

VIENNA #& 37t 25 [m] 57 480 % A [e] A 0y )y o8
i, $RELESNC D DR AMERE 152 3 2 A~ R S
Wr.

(1)VIENNA  [n] 71 280 i 2% 14 2y 2y 238 S A ok
PRI TCT TR B2 BN BB A AU AR T R
i,

(2)7E BT Fe 45 B AN o 1 2 WL AE ) 3 25 o
HIHE T, VIENNA HE a4 A FL U A I8 I e A8 e
THD(total harmonic distortion)7 i /& [ ZAniER"
Bl THD<5%.

I, EEFEMHT VIENNA B2 EH0E
TG N 1 e K I ZE DB o VIENNA B35 251
MAET R S SH AR P ISR M 0 £ 5%,
FRHA

S =/(1+tan” )P’ ®)

TRBEHE AE SR S =15 KVART, VIENNA %
TP RIS 0 Bl P RIS (Rl 2 an &l 5
Fi7R

HET VIENNA B asaeiia 171 K35
Bff, BF9E VIENNA B30 as ) 5 2 ik A 22l
F P, RSN RAMES B O M AL
THD —HZEMKR. B, YA DY
R P —ER, AT THD 5t R AME
O X F, LI IIThER P=5 kW K|, #5245



34

TRiE, . BhE I AR I A T AMEEY VIENNA $E Aoy 71

U=220 V. L=5 mH., C=2 200 pF. FFXHiHEN
10 kHz (1) VIENNA & s 0 BB, ZAR H]
Pl 2 IR JC U # M i SRm , 38 i e AN Rl e H
WS HAE L, TSI A F I i S S A
R O =N 7o s i W G o e B E N S
Dy#b o fe, Jf 8 4ot 8 L it A5 4 FFT(fast
Fourier transform)73#71ic 5% VIENNA & 2t A
[FICUAMERS BT, WAL THD, /e
SRAEN) 24 AU, 2] VIENNA B350 88 kA 2
DR —EME T, AR THD 5 HA T
RE R Q KRER, WK 6 Fin.

90
80
70F

60
S50
40
30F
20

Onna/(*)

10

0 3 6 9 12 15
P/kW

B 5 JAIERHM, 5 VIENNA EifEh
BMEPHXER
Fig. 5 Maximum power factor angle 8, versusactive
power P of VIENNA rectifier

30

251+

20 \ //
o /
S /
g5t \ A
= Ve
= \ Y

10 4

\ /
/
St \ /
N
1 1 1 1 1 1 1 1 1
2 -1 0 1 2 3 4 5 6 7 8
QO/kvar

El6 P=5kW K} THD 5 QHX%&
Fig. 6 Relationship between THD and @ at P=5 kW
WEEP 6 AlAl, 24 VIENNA 5 A o)
i —E R}, VIENNA & i s 2 A o1 Jo o) o) b
fEmE, *MERET BGE, H AR THD Ok, HAE
THD Aitflid S%AYTENL T, VIENNA 5377 g4 (s
PETCH) A AMERE T 3 K T4 A5k To ol D 2 4h

(VIR

HWR, /0124 VIENNA 357 s absi s o)
Mz R O —ERT, VIENNA & Fideki H A
WA IR P S5 AR THD MR, HE 7(a)
AL, VIENNA i a% P2 25 P J0 D) Ty 8 45 4
0=0.7 kvar i}, ¥ AL THD Ffi# A D% P 1
B SemE S K 7(b)r] W, VIENNA %
T A IO R4 1 0=6 kvar B, HiAH
Uit THD B A DT P 3SR

10.0 20
95} \
90| 15+ \
N 851 8 \
a \ g0}
= AN
=80 =
\ - N
754 ™
. \ P S5k \\
70F -
65 1 1 1 1 O 1 1 1 L
T4 6 8 10 12 14 4 6 8 10 12 14
P/KW P/KW
(a) 0=-0.7 kvar (b) O=6 kvar

E7 0O—EmR THD 5 PHIEE
Fig. 7 Relationship between THD and P at acertain
value of 0
8 45 T VIENNA Bk F it 2w
AAMHIATS , AR B YR, AR
THD FHYIRNES 0 ez, LASEBRire sl
HL L B HL LW S HLE

oF

5? 3
oF :
SE P=10 kW -
oF

20E

15E

SE P=O kW
0

THD/%

THD/%
>

THD/%
— =
(=1 NehY, K
T T T T
K
I
e}
=
=

THD/%
——
[@RV iV, Y]
LA MM LAY L
K
Il
3 ~
iy
=
1 1 1

THD/%
/
\
\

10E N &= =
8 S SR o S P=6kW
-15-10-5 0 5 10 15 20 25 30 35 40 45 50 55 60 65
01C")
(a) e 2 WA 40 A




72 I S 9504 %
AR N HL L U g
40
c 20k P=10 kW 4
S I5E 3 50
210f i 300 40
S I N = DRI " £30
20
S 20 P=9kW 3 E 10 15
sh I §
Z st Yo' M"; 2023 6 %\@
0 - - 25 0 6 8 1012 14 16 3
© 20 E P=8kW ] QOlkvar
S 1o '.\ ] (a) 3 B
= a0
= 8 ‘?\..A EREEF R pNEEp aEp s pARE R e P RE PN ‘_0———4/'['
© 20 E P=7TkW 1} 30
S I5E 3
% 10 7\\ 3 40
= S5E "
N R EisNuEe et
0 30
° 20 E P=6 kW
15 F 20
g 10 »\\ ==
= SE —
P 2 R S S SN BN PR SR = aadd 10
-30-25-20-15-10-5 0 5 10 15 20 25 30 35 40 45 50 55 60 65
@) 0
(b) 14 W AS M 5 i
. (b) 13 Z WS 1l J5
B8 ARERBLIDETRARIM THO B E 9 VIENNA E#ifig P-Q-THD X R =#E
EES R 0 ELER Sites P-0 w==

Fig. 8 Relationship between input current THD and power
factor angle @ under different values of DC output power

FNFHEIRE R BT THD< 5% A Pl
51, VIENNA B 88 S T0 Dl Ty 22 M Fi 76 6
TEMERE 1 XS o B B4 DR AR TE
VIENNA B 5 Dy 232 PRIE A ) m] 815 A BTk,
AR ATV AR A B . X L 8(a)
(), 38 3=k W5 1] v T A S 1) X 53 L mT LA
i, VIENNA H& e R H s Z2 w24 il J5 1 2 2
B 0 AT R R R T SR 2 e AR A
VIENNA 3 7 SR FH ik 22w A8 400 ) Js ] 428 g I
BN DR AMERE ST o

R T2 R I A PR 3 2 R A A X
VIENNA % 37 #5 [n] £ 200 50 2% A [F]4 D) DR ),
PEALA S JC T Dy A MEBE T 52 38 A 5 R
£E VIENNA % Ji & $2 {40 51 JC o) ) S 4h £ B
323 2 A (Gt W AR A0 I AT S 317 4R G &
WA M5 ), 22 VIENNA #7% #% P-Q-THD 5%
F R 9 fin, DL THD=5% 5 #i & L 7F
DR T 0 5 PRI 9 MMEHE 10
Fim o

Fig. 9 3D diagram of P-Q-THD relationship of
VIENNA rectifier

16 14 12 10 8§ 6 4 2 0 -2

Q/kvar
(a) 12241 iy
15 — = 7150
12 40
= 30
= ° £
20
6 10
3 0
16 14 12 10 8 6 4 2 0 -2 -4
Olkvar
(b) i Z WA 5

E 10 THD=5%5XEWERFITHOEPXER
Fig. 10 Relationship between @ and P under THD=5% and
rated power limit



553 1]

ShHE, A Rl IS Z AN S ICUAMEAR) VIENNA B G5

73

WELIE 9 RIAL, x Flick VIENNA #3525 ) 7138
MR A IIZ Py Fh R AR AL T 2l
FRAIMEA R Q; z il i AFL THD; UL THD=5%
FRME R SE S P-O-THD =4k A&l H%Z .
AT LIV R HIEEE], VIENNA B 55 285 2 w025 11
JE T AL THD /N 5% T AT X3 (59 {55
T LAWK T GIRT, #E— DUl T A SR

4 {nEIRIE

T 5iE VIENNA B3 g Ik FH A HL it it
TR WAL SREmE AR SR ATE, E MATLAB/
Simulink HH5E{F EAEAY S VIENNA B ds Ak
FH A FLUIE AT ZE B AR P A T ORI ST, (7 LARE Y

FREH T ZABENH T VIENNA EhiesiiA  MEESHLE 1,
VLIS, TR T %1 BESH
A& 10 AT, PR e gl 2k 24 A HL I THD=5% Tab. 1 Simulation parameters

if, VIENNA % g 88 AR D% S =15 kVA 1Y e idlEl

Mg, M EIig . THD=5% & {4 % 6 @ 5 BN AT UE UV 220

P-Q-THD HITEIY 2 4582 T Fil 1 P9 44 B 51X BRIERR //He .

5, B4 VIENNA 63055 1 R o A4 FOLE S, 10

oo HEOR HE UL G Pl SIS A SN AL LimH 5

)Ty 1 [r] B BE 08 HE AL A0 A TC DO DR . WA PP RRLES C /uF 2200

&1 10(a) (b)Y T 1, 4% A HL3E THD —&E i, Bl ELELR LS Cy/uF 2200

% VIENNA %3 3840 104 T Ih 2 P BB K % HIRMBHHRIE UV 800
HEMIEDIZE S/AVA 15

T e LB R TC I R, AT T AR S
KIG /NS, B m Xt & 10(a)#(b)
(AR AR, PR AR SRR P 7 2 0 A

Ptk B A ThTh® P=5 kW [ —4H VIENNA
R ESIIA IR 11 s, FEAS R

HAYESITE B PSR R A B R R R e, Hid ) sl AR
% 1
Discrete
5X10°¢ [Us] E
PowerGUI @—> Gl
Uge
A A a ConnA
N BHH B »(W bp ConnB
Ue
CHH C ® ConnC
= i1 L VIENNA%E 2% To TR MEFRE R W
D u N 028.11
@ u, U Uy cos 0 [P] X
u, A p 7
z = | X
. B e we  of—<0]
we )0 2 eI
HINHLES B =HH VIENNA #3535 FAE R
THD St AR P=S kW
affl#i A\ HLiE THD

11 VIENNA iR {hE e

Fig. 11 Simulation experiment of VIENNA rectifier




74 i, 5

P EGRBITCI #Ma S i A R RS R £ 5

DA R LS A AT . a Ak

AHLIE THD, LUK A DITR | S5 MCimg.,
D5 ELE RN 12~ 15 s, K 12~F 14 £
FLIE/R VIENNA L 4H A H e 25 w28 5 il i
Je B B R I D X6 BE R AR R A THD (B AR
b, M 12(a) FL(b) I IE X LT DLE Y, = A
VIENNA #3tas LA DR REGE T 1 A5
I, I AR T a A A HLRAFAE 6 kbt
WA 5 3k XM AS S 0 a AR IR B AR 4
1) ‘ﬂ‘?ﬂﬁﬂ’“ﬁﬂ TR o
RELE 13(a) 5 14(a)7] 1, =4 VIENNA %%
%ﬁ%&ﬁkﬁh%ﬁlé&?iﬁﬂt B as e gt I
*MEDIRE, A ZR ARG R O AR W S e

Iy Iy I

0.70 0.71 0.72 0.73

- N
oS O
S O

iy, 1y, iJA u/V
=

1
0.70 0.71 0.72 0.73
t/s

(b) WAL ] 5
12 BUhEREHTET
Fig. 12 Operation at unit power factor

400 : —
300 - —u, T I
> 200 :////-\\\\
= 100 N/~
< ot A A 7~
2100 e’ \NIVAVARSYA
~-200 |
-300
-400 ! !
0.70 0.71 0.72 0.73
/s
a) 3o Z2 WA H i i

ol 5524 %
400 — U, - ia ib ic
300 F
200
. ﬂ
T 100 H
< of /,—Q\\\\
3-100
~-200
-300
40870 0.71 0.72 0.73
t/s
(b) i Zm S i 5
o 14
S ol 100% ® HURAKIA L
b THD=13.38%
=10 ® BURAKI L
28 THD=1.47%
B o6
g
= 2
E o
50 150 250 350 450 550 650 750
i3 /Hz
(c) S\ i THD X e

B 13 @BRIhEREH TETARMEA LT IH)
Fig. 13 Operation at advanced power factor
(providing capacitive reactive power)

. HAUEmF LR THD 4351353 13.18%F1 7.19%,
ﬁﬁtﬂ FElZchnits I 13(b) 518 14(bya] WL, 3 Z i
SRS B RO AS B) TABO R AE g, B
THD 3 BIFE 2 1.47%H1 1.37%, B84 E R bR
A EWEIHIRTS B a AR AR THD X Lein
E 13(c) 5K 14(c)in, FElH 100%37R TR

400
—u, —T iy
300
200
1 00

100 =
200
=300

-400 . !
0.70 0.71 0.72 0.73

t/s

(a) 3o W2 411 ) iy

O

iy, By, iA u/V

400
300 2
200
100
0
-200
-300

~400 L L
0.70 071 0.72 0.73

t/s

(b) 1% WA 4 il J

—u, —i, — i, i

by, By, i/A uJV




55 3 401 T, S Rl TR ARG SO AMEE) VIENNA B 25T 75
100% @ HIHARI N L3 T, B AHTRIER A 100%.
THD=7.19% . .
@ HIHAR A L &1 15 AT 16 F 2Rk A DI HI5R P=5 kW,
THD=137%

15 P=5kW. THD=5%T VIENNA EiH I EBHT

Fig. 15 Comparison of current waveform and capacitive

reactive power of VIENNA rectifier before and after

-

A HE I A 4 Ee Y%
S = N W e u O

]

i/A u/V
S

i/A u/V

50 150 250 350 450 550 650 750
SR Hz
(c) fir N\ IR THDR bb

B 14 HRIWEEH TEBEITEREIETI %)
Fig. 14 Operation at lagging power factor (providing

inductive reactive power)

400
300
200
100

—u, —1i,

-100
-200

L R LIRS 3°
THD=5%
300

400 L '
070 0.71 072 0.73

t/s

(a) 1 2 WAL A i

400
300
200
100
0
-100
-200
-300

-400 ! :
0.70 0.71 0.72 0.73

t/s

(b) 1o 22 WA 1 i J

—u, — I,

i NI THD=5% I , 754 A H it ik 2 i 25 400 ] iy
J& VIENNA s a AH%A L5t i e
KA TC D DR A e Xt bk . fIE 15 Af
U, A AHL A AR S, A L O
S AR ER 3.3° 9 K5 23.0°, A5
TCIh R Z R 0.32 kvar 4 11 % 2.06 kvar;
HI P 16 FTUL, A A LRI o3 1 5 A L R 9 A
FHH 19.0° 57 KE 45.0°, RALEME TR H

400
300
200
100
0
= —100
200
-300

-400 L L
0.70 0.71 0.72 0.73

t/s

(a) I3 R WA IR

IA uV

I

400
300
200
100
0
-100
200
=300

400 ' '
0.70 0.71 0.72 0.73

t/s

(b) T 2 A 1 )

/A uV

3.0

P=5kW THD=59
2.5 %

Sol 2.06

05r 0.32

T WA A B R A5
(c) fiirth A IO S O BT b

MEETEHRREER SN

zero-crossing distortion suppression at
P=5kW and THD=5%

Qlkvar
SRR S
T

B 16 P=5kW. THD=5%T VIENNA ZE# &3 EHLT

o)

P=5kW THD=5% 502

B 1.75

I F AL A B bR IS
(c) % th M IC T TR Q25 AT Ee

MHIET S R R R B T T X L

Fig. 16 Comparison of current waveform and inductive
reactive power of VIENNA rectifier before and after

zer o-crossing distortion suppression at
P=5kW and THD=5%



76 i, T

E 4 %524 %

hZ ATy 1.75 kvar #M & 5.02 kvar; Bk T
VIENNA & i i 5% Rl 5 328 25 i 22 410 ) S T oo
IR s, JCIRMERE I BRA B AR T A
RS A AT
I E AR VIENNA $97 g B -5 2
B, WEGHSEIER AT THD=%1 &4 T,
VIENNA % s s eoisise 0 B A%
PAHRHR, WK 2, M2 BdEnI A, VIENNA %
Ties iR VB TC I 7 O WA DIZh P 1S hnm
K fRHEEHIC AR O BT P NSehY
Sl o i — 2R T R TRl i 2 A5 4] S e b
B S, VIENNA BEasin st ARA
Uiizent, JCHiieaMERe A .
%2 THD=5%T VIENNA EiHZ &I ERMTHFIFIE
BWHEPSXNNE Q WEEXR
Tab. 2 Capacity relationship between active power P and

reactive power Q before and after zer o-crossing distortion
suppression of VIENNA rectifier with THD=5%

FVETIHINZ Qlkvar  BRETCINTIZE O/kvar
VR S R AR A
MR WEE R SRR
5 0.32 2.06 1.75 5.02
6 0.36 2.45 2.30 7.21
7 0.40 2.75 2.78 9.92
8 0.43 3.08 3.44 12.75
9 0.43 3.39 4.11 15.97
10 0.42 3.67 4.74 20.67
5 #ig

VIENNA # Ui #54F g 0 F 12 119 54 ] e 2 U
BN, AELE A A R T E R AR A
XA S BRI A A T T Dy A RE D 55 1 &
BRI ARBFGER T 1 Rl G i 2 AR 4 i K&
TCIIAME R FE T T 58, 15 VIENNA e i 25 7] 11
228 ) iy % A ) 2 2R 10 [ k8 R Y H AE R
fig, JF B ERT BN T Y RAMERE Ty, 153
WML,

(1)VIENNA #& jii 2 B 2 I D D A 1Y)
e, (HR THAFE R A A AR ), FE4R
PSR METC T, AR B HINE &, 4o
BRI WA ] S, VIENNA $& et
THIFMERBE S AEH AR

(2K VIENNA i ahm fakiik A U4 at
(RTINS AR HR AR S I SR TC T M 25 i 2R T
B, BRALAR SR TC ) T R M A ik R ST R U
FEE T

(3)VIENNA #& 3t i [n] 171 iy 16 A D) D) 56 e
UM TCI DM, B DR AN RE L 4
TEMAEDI R

SE K

[1] Wang Cong, Tian Changgeng, Cheng Hong, et al. Control
strategy of parallel unidirectional controlled rectifiers for
reactive power compensation [C]/ PCIM Asia 2019;
International Exhibition and Conference for Power
Electronics, Intelligent Motion, Renewable Energy and
Energy Management. Shanghai, China, 2019: 1-7.

[2] Wang Yaodong, Li Yinghui, Huang Shun. An improved
sliding mode direct power control strategy based on
reactive power compensation for Vienna rectifier [J].
IEEE Access, 2022, 10: 15469-15477.

[3] Cheng Hong, Chen Ting, Wang Cong, et al. Single-phase
bridgeless rectifier with capability of power quality
management [C]/ 2018 IEEE International Power
Electronics and Application Conference and Exposition
(PEAC). Shenzhen, China, 2018: 1-6.

(4] Todfe, HKPE, B, 45 VIENNA S ER IR

P 1 TE T A ) D TR B (0], MR TR, 2023,
55(4): 135-140.
Ding Guanhua, Tian Changgeng, Lii Jiaqi, et al. Control
method of VIENNA rectifiers in parallel to realize static
reactive power compensation [J]. Coal Engineering, 2023,
55(4): 135-140. (in Chinese)

(5] EiEAL:, BREEW]. BAT 0 I M FIE I i 2 BE AY
PWM it i S HAZ i 5 ik RIBTFE (D], AR EAR 5 )



34 TRiE, . BhE I AR I A T AMEEY VIENNA $E Aoy 77

—

25|, 2007(4): 36-39.

Wang Zhengshi, Chen Huiming. Simulation research on a
novel rectifier and its control strategies with functions of
reactive power compensation and harmonic current
filtering [J]. Converter Technology & Electric Traction,
2007(4): 36-39. (in Chinese)

A, Bk, Bk, . A TCIAMEDIRERIR R
P22 H B DA T SRS [J]. HRIEOR, 2014, 38(2):
297-303.

Guo Jiacai, Luo An, Chen Yandong, et al. A control
strategy of modular multilevel rectifier with reactive
power compensation function [J]. Power System Techno-
logy, 2014, 38(2): 297-303. (in Chinese)

Kedjar B, Kanaan H Y, Al-Haddad K. Vienna rectifier
with power quality added function [J]. IEEE Transactions
on Industrial Electronics, 2014, 61(8): 3847-3856.
TKEE, MR, EIRE. IR I S HUE L U
HLgs 53], SRR, 2022, 45(9): 170-174.
Lei Yongfeng, Sun Lili, Wang Zhenyu. Research and
design of power module for DC charging pile of electric
vehicle [J]. Modern Electronics Technique, 2022, 45(9):
170-174. (in Chinese)

Islam M H, Masud M M R, Razzak M A. Power factor
correction for wind power generation systems using
modified Vienna rectifier [C]/ 2019 Innovations in
Power and Advanced Computing Technologies (i-PACT).
Vellore, India, 2020: 1-5.

VBT, ERRE, RTOF, . w5 B i IR A
FFOCHEABLLL[T]. B T H AR 224, 2014, 29(4): 152-159.
Chen Xin, Wang Yuncheng, Song Weiping, et al. High
frequency switching rectifier in HVDC power supply
system [J]. Transactions of China Electrotechnical Society,

2014, 29(4): 152-159. (in Chinese)

[11] Ding Wenlong, Zhang Chenghui, Gao Feng, et al. A

zero-sequence component injection modulation method
with compensation for current harmonic mitigation of a
Vienna rectifier [J]. IEEE Transactions on Power

Electronics, 2019, 34(1): 801-814.

[12] Mukherjee D, Kastha D. Voltage sensorless control of

[13]

[14]

[13]

[16]

[17]

(18]

VIENNA rectifier in the input current oriented reference
frame [J]. IEEE Transactions on Power Electronics, 2019,
34(8): 8079-8091.

TERGH, M, THLL, 48 T o e B e i
DERA =AH Vienna B Jas JORRLFUN HL G HI[T]. H
TH AR, 2024, 39(6): 1859-1870.

Wang Fengxiang, Yang Ao, Yu Xinhong, et al. Model-
free predictive current control for three-phase Vienna
rectifier based on adaptive super-twisting sliding mode
observer [J]. Transactions of China Electrotechnical Society,
2024, 39(6): 1859-1870. (in Chinese)

Park J H, Lee J S, Lee K B. Sinusoidal harmonic voltage
injection PWM method for Vienna rectifier with an LCL
filter [J]. IEEE Transactions on Power Electronics, 2021,
36(3): 2875-2888.

I BRSSP0, M EGE, S S REETITRME Y H A
PWM BRSO IO 22 1], e THOR i, 2024,
39(2): 501-513.

He Lipeng, Guo Qiang, Xiao Huihui, et al. Improved
deadbeat control of current-source PWM rectifiers with
load feed-forward compensation [J]. Transactions of
China Electrotechnical Society, 2024, 39(2): 501-513. (in
Chinese)

as, W, XU, A — R e R D B U B
F18 R, S — PR WA 0K AT B 0 D7 SR (0] W A R 2R,
2024, 39(6): 1871-1885.

Xu Song, Yang Bo, Liu Hao, et al. A cascaded harmonic
voltage and current closed-loop control method to
improve the current quality of virtual synchronous
generators [J]. Transactions of China Electrotechnical
Society, 2024, 39(6): 1871-1885. (in Chinese)

TR, B, TEET, 5. FEK Vienna B & ALK
B oAz 3 (0], BB FROR, 2023, 57(4):
32-37.

Ding Jun, Su Jianhui, Wang Haining, et al. Reactive
power compensation method for reducing current
distortion of Vienna rectifier [J]. Power Electronics, 2023,
57(4): 32-37. (in Chinese)

WRA 2%, BRI, E M, S5 i 2% w28 £ A2 1



78 I S 524 %
Vienna R a SIS HE ELER DR EERI[T]. SR
N

HiAR, 2022, 48(10): 3996-4005. fE& o
Chen Caixue. O Gane. Wane Zhaoh | HHE(1997— ), H, hERJES

en Caixue, Ouyang Gang, Wang Zhaohong, et al. — - LB WERISOE. B )
Improved sliding-mode backstepping direct power control S HF 58 1155, E-mail: sqt2100403
of Vienna rectifier with zero-crossing distortion com- S 056@studer‘1t.cumtb.edu.cnO .

_ _ o EM(1999— ), F, hERIR
pensation [J]. High Voltage Engineering, 2022, 48(10): 2B RRERRSCAE . BFSETIA:
3996-4005. (in Chinese) Jie 58 Sif£5) ., E-mail: ZQT21004

BN 03073 @student.cumtb.edu.cn,

[19] =, kP, Wi, AXTFREM T Vienna ZEiR4s

oA 1 T 2% s o R W (D). R TR A, 2025, 23(6):
172-179.

Gao Liang, Zhang Qingyan, Hu Yebo. Improved power
control strategy for Vienna rectifier under asymmetric
grid [J]. Journal of Power Supply, 2025, 23(6): 172-179.
(in Chinese)

[20] 3 FE Z bRl B TARL. HIRE ST 20 H HL R

(FZApRE ). T, 1993, 26(11): 2-7.

Xiebo GB Drafting Group for Harmonic National
Standards. Compilation of the National Standard “Power
Quality — Harmonics in Public Supply Network”

[1]. Electric Power, 1993, 26(11): 2-7. (in Chinese)

RUER(1999— ), 5, hEHAHE
e L e W SO 71 1 [ P
HHF 58145, E-mail: sqt210040
3054@student.cumtb.edu.cn,

XL 1999— ), %, HEHEHE
oo, B A, WESETIE: H
F1HF 558, E-mail: sqt220040
3055@student.cumtb.edu.cn,

RRLL(1966— ), L, PEAHEY
e, EEE, WL, HER. B
AL ENEIEPNTIE S 2R IR RS
A, PR A S5 . E-mail :
chengh@cumtb.edu.cn,

EIEA1955— ), I, hEREYe
20, Wi, #d. WS BOTRH
I TAREOR , R i 72
t¥o B-mail: wangc@cumtb.edu.cn,

(GRS HKi)



