%445 520 W
2016410 H16 H

Y EE X B EL

Power System Protection and Control

Vol.44 No.20
Oct. 16, 2016

DOI: 10.7667/PSPC151800

3537k FB R AR AR T 214 B P S T A AR PR A 55

o, AR, RinE’

(1. #T K, AT AUl 310027; 2. 3T g & A0E), FFT A 310007)

W O 7Ry ELVRC I T B B AOREE 7 BRI AR AE AU HUS AN PR IN T B A Far Eh 3 (8 A e 2o by
T AP HASKIFR B #itas AP s . i P iy se o BRG], St AR DR A R S AR L
S, AT T AT DA BT 3o T ELUR N DA PR AT CHE LR 10 A, R T BN 5 A0 fR
(IR 507 1% o dg Je o WA 2507 LR A PSCAD/EMTDC X A2 Uit HL I AN SRR 0 s A i D A< BREAT 1 56
UEe DIRWMIRAE AL 2, D& B BC 2 i ELNC L M i AR D%, 2Ry BB B2 T 5% .

KRR ARALRNE, ACU AR, RPEE R IRy APl

Research on transmission power limit of flexible DC distribution
converters under unbalanced AC voltages

YANG Feng', XU Xidong', QIU Yutao®
(1. Zhejiang University, Hangzhou 310027, China; 2. Zhejiang Electric Power Corporation, Hangzhou 310007, China)

Abstract: To stabilize the DC voltage in a DC distribution network, it is necessary to suppress the double fundamental
frequency fluctuation of the active power under unbalanced AC voltages. This paper analyzes unbalanced control
strategies of voltage source converters (VSCs). Due to the overcurrent capability of converters, the transmission power
limit of VSCs varies with various unbalanced AC voltage conditions. The transmission power limit of the AC side is
deduced. Then a numerical method is put forward to calculate the transmission power limit of the DC side. Examples of
power transmission under unbalanced AC voltages are simulated by electromagnetic transient simulation software
PSCAD/EMTDC. The transmission power limits of VSCs of both the AC and DC sides are necessary for power
distribution in multi-terminal DC distribution network. To suppress the fluctuation of the DC voltage, it is necessary to
control the active power of VSCs within the transmission power limit of the DC side.
This work is supported by National High-tech R & D Program of China (863 Program) (No. 2015AA050104).
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Fig. 1 Topological structure of VSC

AR SCBRIS-111HE T, AT A FRIG O T IR
GEMAT Gt Fe T B AR A O PR,

P =P +P_ cos(Qwt)+ P, sin(2wt) )
0.=0,+0,. cosCwt)+ 0, sin(Qwt)

P = Pro + Breos €05Q200) + P, Sin(2et)

Rsin

3 .+ 2 .+ 2 .— 2 =2
PLRO=ER(lsd +lsq +lsd +lsq)

2

_ o+ - - - -

PLRcos - 3R(lsd lsd + lsq lsq) + 3(0L (lsd lsq - lsqlsd )
_ - - o -

PLRsin - 3R(lsdlsq - lsqlsd) - 3(0[;(1“{ lsd + lsqlsq)

s Po, Qo, Peiny Peoss Osins Qcos 73278 DY EE
e, RIMEE SR, AUNERESh R, AR
BB R, JCIIELIE B &, TCIAR LIS o
5 o0 RNLIRRINNZ; Prro, Pirsing PLreos 77
Fontm Pt B A DI i, A IIEZ B
HH RPN E i VSC AZH T R dg
LR R bR R IR,  bhn 2 RoRAH N A
EIIES . SRS U AP R
BRIX e A5 B 5 4 5 o
1.2 REEEHIRES

FH T~ LS il ) 4 R PR, 385 76 i VSC 4%

g IO P, Qo, Piny Peoss He FLAE
WL

B Uy, ”:q Uy ug, iy
})cos — E u;d u;q u:d u;l 1;1 (3)
R 2lu, -—uy _”:q Uy || iy
9, e Uy uy —ugy i

A ug NAZWAR G s R dg Ko [0 e
ARBR AR PR, RAR £ R AR N AR IR U

.

FRAE B 1 45 7€ D)7 0], AZ ELUR M ) T 2
P R A
FE =Ry +F,
du,
dr
X PONVRR ARG TR, P HEAFRERTIA ST
IHFEII LR P AT TN i B A 1 D)
HAT IR ARG, S T R AR A S B B )
DN Poe AHMNBINFE . HA@FTE, (EfE
M ERSAAT AT, b TR ER R, &
TRAIE P TGS o
LI ARGASFR, VSC HIA -y 42 il 5 K
FHIE A7 43 B8 A U A sl s A U121, LA S AR
w2 fros.

4)

C

})c=})dc+c udc

Pw —>
prem P.— % ERTTR R HL7L fil % ?:
e p 1 > NI | ikl ﬁs(
Pt —» 5) _ _ o o S 2 =
Psm A i }x.llJ]J | rm =
Laref s Uret » Lavef > Uyret =

—>

9

2 VSC =il R g
Fig. 2 Unbalanced control strategy of VSC

AR T E R AR g, R
BRI (S) v I BRI il (1 2 2% HL i
FOMEA G . )R - 1 0 A PR F i
IS IR, foe e 4 el e O AR R A fk ke fik
PRI A A AL LU, SEBLAS B H Ar

-1
.t + + - -
i, u u u u F

sd sq sd sq 0
.+ - - + +
lsq _ g usd usq usd usq })cos ( 5)
il 3us —ul, —uh ol P
sd sq sd sq sd sin
. + + — _
lsq usq _usd usq _usd QO

Bl 2 h ARl R Ty oo B
W, Wl 3 Pras, o ol QoINS % 1H.
AR Poos A1 Poin BB AHLTEAT 2 PG
Ul: AN R M ST LB, W #BCY 0;
A5 TSI, PR B R FL BT B (s



_88 - CE R R R EEL

PLRsin iFD PLR(:os0
NIRRT LR A R A A e Az ), o

PAXUAR B HL it #4H)(Dual vector current control, DVCC)
BN Y, e PRI A8 SRR FL S 15
0, RESEEL IR e AR R T dg Rl R AR,
IRRAEREICS A B A ey et/ i) My & N
W, ARSCAE EEBIN SR M I 25

E ' Lo '

D D o,

g 9,
(a) A7 DDAl 3 (b) TED DR A% i &%

Uy

() T H s s ol s

3 T IR SNMEHIER

Fig. 3 Outer loop controllers of unbalanced control
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