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Grid voltage reconfiguration predictive power control of Vienna rectifiers

Xiang Wenkai, Guo Qiang, Xiao Huihui,Chen Lan,Hu Qianyun

(School of Electrical and Electronic Engineering, Chongqing University of Technology, Chongqing 400054, China)

Abstract: When the grid voltage is unbalanced, the double closed-loop PI control strategy needs to control the positive and negative
sequence components of the grid voltage separately. Its parameter setting is complicated and the stability performance is poor. To
simplify the control structure under unbalanced condition and improve the overall control effect of the system, a power control strategy for
Vienna rectifier grid voltage reconfiguration under grid unbalanced condition is proposed. Firstly, by using grid voltage reconfiguration
control to deal with the unbalanced voltage of the grid in the af} two-phase static coordinate system, the coordinate transformation is
reduced and the separation of positive and negative sequence components is cancelled. Then, from the perspective of optimizing the
complexity of tuning parameters, a mathematical model of predicted power based on instantaneous power theory is formulated, and the
tuning of PI controller parameters is cancelled. Finally, the comparison and analysis are implemented by building the simulation model of
the predictive power control based on the network voltage reconstruction and the PI double closed-loop control strategy in MATLAB/
Simulink. Compared with the traditional PI control strategy, the analysis shows that this control strategy reduces the total distortion rate
of grid-side current by about 70% under grid unbalance, and about 40% under grid unbalance and load mutation. The feasibility of the
control strategy is evaluated on the platform.

Keywords : three phase Vienna rectifier; grid unbalance; grid voltage reconfiguration control; predictive power control
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Fig.1 Diagram of Vienna rectifier main circuit topology

MN=AH Vienna % it i 1 32 H 6 # F AT 75 H A
BBy .
di,
L5 =B, = Ry = (g )
di,,
L—=E,

A - Ri, = (u, +uy) (1)

di,
LE =E_-Ri, - (u, +uy)

L u, oy, u, 70900 abc 5o ZHBHE;uy Mo
P N Z AL,
B3 1) FIH AR BRI T, AT AR bR AR e .

1 1
b=y 7y
2
T, =+ (2)
g B B
2 2
AR AR
di,
L =E, - Ri, —u,
de (3)
dig .
LE:E‘; - Ri; —u,

2 WEEHTHN IR

2.1 FiThZR#ER
FES-H 2PE R, o RIS D R B GE) m 15 19 ) 5k s}
2 . .
P :?(Eala +E,BL,B)
2, (4)
Q =?(E3La - E,iy)



156 (SO IO F43%
A2 (4) AT A BRI D 3R 30 REAR 2 1) AR GE ) 52 e M, A SR P O s S A A B X AN P
3 dp di, di, . dE, .(w B AT AR 2R
2 P e e e o FE A 0 o P AT I A b T 3 0
3 dQ di, di,  dE,  dE, (5) I (two-phase stationary-frame-based enhanced PLL, TPSF-
Sa T Eeg B ey Ty, EPLL) SR BN, I 5% R OHER =
IEJFH-’ H, 9 E, ‘EB HIARENE R . @iﬁ?ﬂ%ﬁiﬁ%m tt,ESF;EPPLkﬁ]ﬁ%%?%ﬁVE?ﬁ%,ﬁ
A TE. ~E, %%%ﬂﬁ@@ﬁ,%%mﬁfﬁu,a o i TPSF-EPLL X
dt|:E } :w[ . } (6) PR LEARAR T 1 PO ) Fh P W (1 A 7 B B, P e ) H T
? « HEAT A28, A5 2P RO 22 v i A 2R P it
i (2) (5)5(6) 1 Tf: ﬁfrﬁﬁwﬂ TPSF-EPLL SRS PLL U SEfl F A
3.dP _ —V/L(E - E.u, - RE.i, + E* - LT S A4 ( phase detector, PD) i JEH 2% (loop
2 dt A pass filter, LPF) FIIEYEYR % #% (voltage controlled oscillator,
Egug = REgiy) + o (B iy = Egi,) o VCO) UK MR BRI 4 532
340 e e ke URRE U  T TAEAD55315 S B 5 2
2 de B TR «p EFAL R RS BTN
REi,) + w(E, iy — E,i,) xpp = E; —xy sinxyg (13)
S,y FASTIE th P K w0 PD B o, N R BR SR  H  y
X1 RO B R R T AVCOmUR,E AR,
dpP P(k+1) -P(k) VI 8 I #5 BB SR R AR S I R A i TR
En = Xipp =2, F kyxpy X cosxy,
de |-, T, (8) {.IPF 1 3%pp veo (14)
dQ Q(k +1) = QC(k) 2 = kyxpy X cosiygg
de |, T, vy 0 LPF Hi il i s &, S AR R B by AL A
AR TSR ) A T T s e AR e
BRULEAEU N TR, & FBH O™ MPRFEIRS AT IC I 1
F= (me - P(m])) + (me Q(m])) (9) {%VCO T (]5)
KPP Qe PN A T TEH RS E A, [Fn, 4 3 S A T,

Q.:=0
R SBT3 2 38 B /)N
L w, u B DR S AT 0 B

2 HARACH o O

dF
=0
du,
10
" (10)
duy
AR 3R X O Sy F8 04 43, BB AR, u, N
L
u, =k, - Ri, + wliy — ﬁ(AEa + BEﬁ)
T(E, +Ep)
- o . L
Ug _EB - RLB - lea W(AE - BE )
(11)
=K
A=P - L15P,
' v (12)
B=0Q, - 1-50(15)

K P ) Q, s00R KT, 20T
2.2 MIEEHER

20 v O P AN ST B 22 500 o SR s 349 SR TGS
LR SRUE 67 405 7 2 0 . i 1 AR i 45 4

Ko, BUE R 27/,
s PR A R = R X ) M) e, o v, s ) Wt (2R 4 7 R
BRPRIR BT
Xy =23
{23 =k xpy X sinxy 1o
ok, iR (AR R AL
3 55 BB PR X RO T ., E, B BRI T 32
YR, HEA T IASC- X 0 P A A0 22 v e
A, +A
24,
A, + A,
24,
oA, A, A SRR £, E, f{5 55T
R AL
V5 T s AR R 0 Y 198 IO 0 222 e, T AR ) )
M P O e, R L wy u, A
L
Ts(vi + 1)2)
L

Ts(ﬂi + y;zz)

£ xE, =A sin(wt +6,) =0,
(17)

XE;, =4, sin(wt + 05) =g

u, =v, - Ri, + wlLi, -

o

(Av, + Bug)

ug =vy — Ri, —wli, - (Avg = Bv,)

(18)



8

] SCHL 25 Vienna $E 904 I R B2 A4 T 24 i

157

YA B 4 T A T ) A4 o 4%

i34 XF Vienna

AP A AR R A HE A 2 B
L R
O T T
O T
Lk AW——
Eape fabe AAdA

| SVPWM |
A A

Y Y
rabc/uﬁ—|
u u,

F T2
PR
\ A A
4 R )4 o
PR Oret 0

P2 Vienna % Uit ) o0 e 54 100 D) 5847 1 25 K HE 1]

Fig.2  Structure block diagram of grid voltage reconfiguration

predictive power control of Vienna rectifier
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Fig.3 Simulation waveform under the sudden change

of three-phase voltage amplitude of power grid
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