E6EE1H € ) 8

2016 £ 1 A

% L & &

Electric Power Automation Equipment

Vol.36 No.1
Jan. 2016

LEANER TR RS R R Ky LS et Fagsan y

M o, I R EAA NTE, A
(WX BAEEFR, @I R 610065)

WE. SEAAMCRAAENGEZERFFXT BT AAORERT AL X ARARZAGLDR S RE
3% RARIM R RALE . KA TLS-ESPRIT f ik #F2  XE £ Rd M & e 4538 R 2 AR B AR Sl 42 1B R 0] 3%
HT A AARAGRW AR H R AR LAME R0l R i Tl kAT EHA%KME Fat, &t
TAEG LB R d2 ) 35 5 P32 45 4 S 2470048 . /2 PSCAD/EMTDC 45 A 2 R A | AT ik it 69 37 & W e 3 46

R UA R ZING AL MER T

KB, HELAME, RGBT, RERE, RITRIE, B F I3z 6

hESERS . TM 721.1 XERFRIRAS . A

0 5l

FH T /55 e LU L (high voltage direct current
transmission ) REAE KA S i g6 1 R [R5 156 )
A7 Y B OL M | A S5 B T AR v i Ok
A 4 e U P P i AR G A A
AN R A HL T 5 5 v 48 3t i B BB 42 A B, IR 22 Sy
PE AT, XA I B 1707 T, RGN R L
BN, AL HIL RGNS v RED R RS
RS AP, T B0k o R MR AL, — B
FERIAY 20 R B | R IS R
113 R QT O D0 B VS o 7| B e s e W S
B ot o4 42 o s B B2

SCHR [5-9 17 BH BREfin A o4 4 1 % 14 5 B3 7]
DL i 3% i O 03 R e il R D) R B S R RE T 2
AR R G AR M, (B TR [5-6 ] A
il #5% & 22 B GIR 2 A | 45 o] A A B S HUR 4 42
95 e PR — M SCHER [7-9 ] v g 45 il 45 02 PL
il g B A S BCR IR LR E |, S8R E
BB MA BT, R 2 R s S0 e
WA —EE H M B ERREOR— &, AR T TR
Ben 1

BEXF RO ST AN 2 | A ORI A i 4 ) B
1 B R T v ek o AR e P i 0 B RCE 1Y 4 A B
FETH O R GORT O RO I e AR AL | IR 9 AR
S0V 2 a7 RN R 1B TR o8 R S V@
THEHSSECEEE B, R, & T E% Pl
P #RUEAT LB, 7E PSCAD/EMTDC H i 8 47 B

i

WiE B .2015-02-27; 1@ B H.2015-10-23

HEETH.BRARXHAFEAL T EFYUA B (51037003); B K& M
A8 Kl M E R H R BA B R (SGCC-MPLG001-027-2012)
Project supported by the Key Program of National Natural
Science Foundation of China(51037003) and the State Grid Cor-
poration of China,Major Projects on Planning and Operation

Control of Large Scale Grid(SGCC-MPLG001-027-2012)

DOI: 10.16081/j.issn.1006-6047.2016.01.021

SR A ), B 0 i ) 8 LA O 9 R
RUEE) R R SRR, DR AT 9
BB AT WRSET RIS

1 MBRGEER

1.1 fFEH&:R
FEF PSCAD/EMTDC Fr 4 f 1)t 52 s i I 45
RGN 1 s, (45 B i RGBSR
FEEL R T RS G O 1A AHGE () 330 kV ZR I 6T
750 kV 1 A1 338 42t A B far A T8 Y I AR E AN R, R
G T A T B KT C ¥l 2 IR AL
PR, Hed e ) A FIEL T B R A KB LAY & 2
660 MW, HLI~ C & ZHBAHLAZA =4 330 MW, 1E
Wia AT R HWAR G0 1 3Ok B0 e

TR 30 A S KL A 4 o
H A 4B

WA I

| EXGENBERE ML
Fig.1 Structure of simulation system
for a real power system

BB T AR LAk HR RS
1) 5 7€ A R R 3000 MW, LI | B &R 40 1) 4
Wl A PR S R A I M AFE SRR, iR
KA N-2 R B B2 5 26 i 750 kV I
) 114 22 L 1k 45 4 BT I, D) R 06 114 326 it 22 T R SR
AR A B B I C T 6 B &ML, TE K
HAKER EIGETT, B 1 REEIS ST
J N

. SSC -
SCR—P =2.436 (D)

dN

Horp S, i B RO A Py N ELTRAUE DR



(144] ® 0 8 & iR B

ALHN B RS AE IS 12477 30N | 2 A 3% Ty a3
K, 2505 38 L R G2 1Y SCR 8/, J8 138 55 19 58 i
RGN M3 HU R GAEAE R B 5N S LR
I 2 Ge A5 Uy Ty 20 M LA | 2817 5 B03% o R 40
R B ATRE | 245 RGO BT AR A B RS
1.2 EF TLS-ESPRIT EiEM RS PR

TLS-ESPRIT %1% f& — Fh 3% T 26 1 b i L &5
WEAAS I, SEEPRE M TLS-
ESPRIT 53k HAT UMbt THeae 3o JHE s D> |
B S B RS 3 B = 1 AR o5 0027 BESPRIT 534 1
KBl 2 38 o SRASE IR T A 1 R G R I R B A G B
TS 5 W e T | 38 3 e 5 R 7 DA oKk th A5
S A R R Uk R T AR A S A /N Rk BRI K
HAF 5 B IR A 5 A 47 134 TLS-ESPRIT 53k BAA A
B,

WRFEE S x(n) T LLFRR A —RINIEZGES S
IR (R 2

P
x(n)=2 cpe 0 4w (n) (2)
=1

Horp T R RAE SR 0 P U A5 5 52 B 3 A Y 52
_[Eg%:éj\%/l\ﬁﬂg 2 /f% ;ckzakej"";akﬂk\a'k N ﬁ%”ﬂ‘:’%
E ARG A IR ARG W AR 0 (n)

ISl Yl
FAEBYETE AN Hankel %6 1% .
x(0) x(1) -+ x(M-1)
X,= x<:1) x(:Z) W:”) (3)
x(L-1) x(L) - x(N-1)
Ho L>P,.M>P,L+M-1=N,
2 SE 7 % Hankel 5H 1% .
X=UAV" (4)

PR X & S AR 4T £ 0 R 4R KO MESIIE
TR FFE AR VA% S8 8 KNI 4 A
T[] v MR T aS 0] vy, EAR H R R e E
FEIE X0 AE B R 1Y P A AT AR R AR 1 A ED
A Vs i
WV, R Ve B — 175 BT R [V,
FR Ve K45 — 47 UG I 00 6 B |8 AS 7% i e s
FHAL T AP W B W, (i
V.=V, ¥ (5)
Hrb W ohigi A+ vl R RES S
Z B R KT IIREFE RV, V,
FFAEIR % E| E,, FINA .
Vo+E,=(V\+E)W (6)
X FP LI R (5), I B R ZER I E =
[E,,E,] Frobenius {u4{ | E [i=\/> > E? g/, 5l
AN /NFE X [V, VL AT A SO

365
[Vl,Vz]:QARH (7)
Hr ReC?™ ¥ R i 4 A~ Px P WMERE .
i ®

T (RLRD) AR HEAR A (k=1,2,---,P), \ifi
ARG S Ao AR Sk DR RN BELE He 35

w,= aI‘]ﬁg/\;f

ln‘)\k‘
P (9)

gp==

fi=—2

Voi+op
P — 2 2R F f5e /N —9f 2 1T 5 S e i RN 490 4 A
i, ZEEN ERFES A

Y=AC (10)
Y=[x(0),x(1),-,x(N-1)]" (11)
C=[ci,ca, cp, 0 yep] (12)
1 1 1
A: /\:l /\:2 A:J (13)
/\;}f-l Ag-l /\1}'—1
FHERe/NZ 3 vk R A 5 72 (10) 7T 1%
C=(A"A)"A"Y (14)
NI A5 T A5 A 3 i 04 AL RN AR AL 20 1) R
akzz‘ck‘ (15)
0,=arge, (16)

KT IR RGAR FEINS R AREEBT

S, % i AN 5 i) 2 G2 e ME AL S R R /N IR B I 3
DL BT 2R 0 R A e P 4 A A A0 s i B BR A
RGRRIBITH | 3% 00 238 I R SR A5 5 5 X8R
Jei |, AE ] — SR B[] 91 [ P R 45 it fn 4K 0 {8 A BRIt
Bl I 32 i 5 U 3 Ge M AT 5 BUE X 5 LA B BR e 1 £k
I X=X,- X, ARG S I LR TLS-ESPRIT &
P BRI AT I R HE R 2R e B BR e R ) IR R
Tk, HMRBEERGERELEILMEEEN RS
RBT AT G (),
G(s)=(0.80485+4.9985°+59.595*+209.95° +

104552+819.35)/(s%+1.047s°+106.55*+

80.215°+356552+ 15265 +36440) (17)

2 WIS Rt

H iR =2 G 855 Y RN, I 2R G A H A
AT P I (R IR R4, ko R GEAE B |k
B2 1 O T (19 R A D D3RR e T BUR e R
T B IR BAR A SR IR e IR R O AR S R
AT PR T BR s/ A AL it )R S R
F G A% i D) 8 18] (4 AN P A5 2 — P AT 22 A3 A i bk



%1% B 5T R OV P A A T R o B (145
ZIRE W REE B RGTRLE LR 2 (=0.5, A R IR0

2.1 EHIREY

R T IH R K LA RS R R G AR T
SRIA] AN 5 225 | AT B 38 BIFE RS
i 3 G R G Bl ki R e B AR G AR U B B R S
123 Al 22 1 Ay BRE D0 42 61 28 1 B S 5 B B H 3
PG SR A # RS R B R Gk
T B0 2 0 R oA TP 0w 22 | BLJE R e %
Bl g TR R AR G0 A S R AL
HzE R mE 2 Fs

Butterworth L ML
25l BE Y

Aw—>

G
1+sT

<1

B2 BERAGIMERGFEN
Fig.2 Structure of DC system frequency limiter

Hirp Butterworth P15 A A 8 I 2% | U8 B =5 4
THAF S, BRI 60 Hz; AR AL IE R 15 R
Y 2 G AL 3 pR VRO SE 5 BIR R 2R 1R U R R A
AT BRAN BRSO - 0.2 102,
22 EHRSHERE

FHAR BT v 3247 A TE 2 8 ST 7 B 2R 4 AT AR
B A BE A B ) RSE R TR R GETT L 8 ek K
BB s G AR 280 s SF T B A B R
PHER R S — RT3k D T 5 5 | SR ] H AL
WET7 B A f # 5 AP 3 R e T HE IR AN 3
o P G (s) P Y R GUAL I SR AL, G (s ) WAL
IEIAT L1 R R,

u(s)

B3 BRRERS

Fig.3 Series correction system

IMABEIERR AT 5 | BRI AL 13 R BN

y(s) __ G (s)G(s)
u(s)  1+G.(s)G(s) (18)

FIE R AR GER AR UL an ] 4 Froi

8
o/,_//_’é‘—x
N o—%
E 0
M
_3 . . : : ; . ;
-30 -25 -20 -1.5 -1.0 -05 0 05
Re/s™

4 REGIRPUTE
Fig.4 Root-locus plot of system
i P 4 R AL OE Z A A G R IF IR R AL T
Ml 2o ELAE T el ik, DA RGE AR E B 32
IR E S 5 KRG . T R G BA B B

BIHEN w,=2 rad/s, LI 5 G0 35 P IR SO A
R 5 ,=—1+jV/3 , Ak, 78 325 A S Ak 2 25
WERME TR 1+6G(s)G.(s)=0, 80,

LG ()G (5)je1a 5 =£180°x (2k+1)

19
65605 bryr =1 )
44 7 28 25 9 R A8 7 B0

AR BT L AUTE R GETT B £ 18 e KRR 3
e R AL, TR T 2B 14 12 388 PR
_ S+T]
G.(s) —K(,is T (20)

Hodv o AT, R AR BB E K, T BRI 25 B A
e
5 B R E S50 T, T, B

A P jo

-T /_T 0| o
C 1 B D 2

B S5 MEREARTHELAMBER

Fig.5 Determination of pole and zero points
of correction section

Hrfr g PRSI R BN EZ — PA KN
WL P KL PB N L APO WFIE 4, % PC
1 PD 3 B E T RGIE SR 1 R S M S L
AR, B = A RSN BT AT AR B AR A
P ABRETE RS BT AME IR A B d=— (a+B) .

X1 RG EHEAR A s=-1+)V3 A,

G ()= 145 =0.08 £ -122.25° (21)

MR (19) T A AH FA 29 R 25 4R AT 0 T it AME 1)
& A BN $=-57.75°, % a=B=—¢p/2=28.875°,
WAl RATH3RAS 5] T)=3.868, T,=1.034, FrLIA .

. $+3.868

G =K T 034 (22)
TEHAE A s =14V 3 &b, F .

Go(s)—rjys =1.934K, £ -57.75° (23)

FRHEZ (19) " 0 i (8 29 SR 2 4 T 15 K. = 6.463,
FELL ¥ RGBS S AL IE 2 5 ,=— 1+ /3 I,
EP IR TE B A 6 pR B

_ 6.4635+24.999
G )= T 034 (24)

ﬁTi%mmu&ﬁﬁﬁE%ﬂjﬁﬁ§%z

Culs)G(s) - GGS) s sy IE 3R 95 45

1+G.(s)G(s)  1+H(s)G(s)




146) ® 0 8 & iR B

%365

Fe ez [t el i el 6 FIrm

)

6 RBBRERS
Fig.6 Feedback correction system
T AR 48 H(s)
H(s)=(-0.26165+21.925"-54.71s"+1970s"~
1.462x10%s"=5.158 x 10*s'°~ 1.663 x 10°5° -
1.168%x107s%-8.502%x 105" 4.977 x 10%5°-
2.074%x10°s°-8.726x 10°5*~2.235x 1053
5.69%x10"s*-7.562x10"s —3.402%x 10") =
(5.201s5+68.625"+1244 53 +1.176 x 10*s"*+
1.126x 10°s"+7.832x 10°s°+4.951 x 10°s°+
2.533x 107s*+1.098 x 10857 +3.997 x 1085+
1.121x10°s°+2.583 x 10°s*+3.776 x 10°s* +
2.801x10%s*+7.98x 10% ) (25)
P s B e AN E TR BR IV AR 28 7 AR
VX AT R AL B AR BRI 8 H (s)
-0.050295*+4.735°-40.055>-21.55-914.5
s*4+5.7425%+28.145%+21.455-6.513%x107"
(26)
K B 17 J P25 1 4% Bode XS ELARTET 7 7 | 42 1l
aePERETE B DT AT S IF R 2

80 =
40 t

H'(s)=

{4 /dB

(=]
T

=3
H

|
O
(=Rl

A/ (°) i

|

—_ |
0 O
(=N}

10" 10° 10' 10 10°
B2 / (rad-s™)
B 7 =52 0 REMESRER H B Bode
Fig.7 Bode diagram of controller H and

_.
<
8

reduced-order controller H'

B AR BUE e |, O S A SR g 7 ik
PEAT PO, R SRR [7-9 ] BT 4R 21 69 PL 45
v, BEMBIM R P SO HISHEEIOY 1,
RS HIERCN 3,

e R e e T e
® R

Q<
|+ +
L

<1

1+sT

8 PI GHA5M 4= 5l 28

Fig.8 Frequency controller with PI structure

3 {FERIE

B R A B AR B P 0 2% A P45 #8430 e
BEE L FE RSP A [E A9 38 sh £ PSCAD/

EMTDC k4750 0E
3.1 BMEITEANMBIET

EH BT 47 R A N-2 Bk S 8oHe i 1
2 524 750 kV 3 MK A B 45 L B T A 1
HE RGOS A IS 217, B9 NTE 1 s if REGeiE
AP AT 46 il 45 e 8 F e B 26 i R G0 R A8
AR

0.4
2 02rh g,
BN | (i aaaaacsorans
. o
= 02 e
-04
0 4 8 12 16 20
t/s
B0 %R G AT BB B B E
H S B0 R AR

Fig.9 Frequency variation of sending-end system
operating in islanding mode,during putting

into operation of controller

A 9 AT, Y AR G0 B B A TR ARS8 1T
RENRITG E T SRR IR 22K 8 03 Hz 217
B o, 78 & L — IR E T, R Gei R i sh I
TR RS, B BRI Ao e g i 28 5, 2 PRl 253
AT DL 22 G000 RIS S R G Rk 2 R
{2 SR AR B30 42 ) B | 3R e M R e S5kt B TR PR ) R
G R EE SRS IR 25 /N
32 EmRFE=HEEHE

IR i kg 77 T ) 32 i 58 I FR e R I R
BIHEAT U, REFEIME 17N T AR E BT
Jo  BEE 1 s BFZIT7 05 B 545 C 3 BIsS Lk
B — 1128 90 % Ab & A = HH SRR BORR IS 0.1 s
W BR DR 45 R G RS LU 2 i AR G
ARG W E 10 Fis,

0.45 I )

PI 5

B % 2% / He,
=)

-045
0
t/s
B 10 EFm=HERNET SR REE
MEXRRFIE

Fig.10 Frequency variation of sending-end AC
system with three-phase short circuit fault,
during putting into operation of controller

H A 10 I FE IR Ey s 47 07 30T R R Gk
A AR B RS R GUR GRS, T R g R
PE 485, R GER T LR SRR E (R
PIFE M | 28 G A R AR A2 T 00 25K [ ATS A /)
W 2 AR B0, TR AR A ) PT LAAR PR e 2R e 0



%14 B ST, T PRV L R 3 17 A A (147)
‘Wﬁiiﬁ?&{ao LI Dongxiang, WANG Yuhong,DING Lijie,et al. Blocking and

3.3 Eim#kE
WHE 1s B2 B RS & AR i sh (115 5
T S P A A T 1 R AR (BT 0.05 pou., FE
il 15 P B L A 0 i AR 4 AR AR AR B A 11
FIR .
0.3

" R 38 42 Al L B

B3R % /Hz
(=]

-0.3 : : . . !
0 4 8 12 16 20
t/s
11 ERBREEELA S, EHR[EE AT
BiEmRGIME

Fig.11 Frequency variation of sending-end system
during putting into operation of controller when
DC current setting increases 5%

A 11 AT Y R S E T S% ),
RGNRIF MR IR G | BRI Prdl sl (R 4 R
BT RN 2 R R R, MRS B I AR 23R 4 o 4 T LA
ARG A 1) 2R GG AR 5, RIS 2B R 0E , Pl
3 i 4% B SR U T R AR A — s IR
2 HP S 0RO AR A s 2

AR5 EUAT S0 JE T TLS-ESPRIT B vk #HH &
G At 3 R, R P AR JB1 508 A T U 88 3 %) L 37 401 3R
T A% AR T 38R R ] R S
BATH RGN o | PR R G R R HF BLAE A
EIEHT BRI TS PSR,

4 ik

H T R GURC B 4 28 ML R e 5 1 T
SR HL R TR B2 2% (4 P 5 SN AR R 22 A8 Y T
BT ARG A AERE Pt A BERDT 58
Ao AR e M I 5y Bl B ) R ROHR R e R AR
(0 S 0 2R SR B AR B R R B 5 il A B oA
JZ WSSO, AR SCHRAE B B 2R e A% 18 R
R B AR B 8 A T DU S5 A B i R 4 i A% BA
S a7 B ROR R A0 R B i Ak G T
P SHCRE E B & T LR SEPRN , X 5
Preg el ER it BA S5 L,

SE .

[1] #RBL 22 H I RG ST P (M]. dbat AU Tl R
11,2004 :4-7.

[2] BAHRMAN M P,JOHNSON B K. The ABCs of HVDC transmission
technologies[J]. IEEE Power and Energy Magazine,2007,5(2):
32-44.

[3] BEARKE, WLl T RIS 55, H T80 12 k2l i 2 3t [ 42 1l 1)
e R 2 AR S (], W7 A Sh ki A ,2014,34(4) : 148-154.

deblocking strategy of single UHVDC converter group under
joint control mode of dual 12-pulse converter groups[J]. Electric
Power Automation Equipment,2014,34(4):148-154.
(47 BOAF 200U XU R BL 26 00 () A0 AR SUIR ¥ 1Y) 22 10 3 L0
BRI B e # i # 1 (], 0 A Sk ,2014,34(3) :89-92.
ZHAO Rui,Ll Xingyuan,LIU Tianqgi,et al. Design of multi-
channel DC supplementary damping controller for subsynchronous
and low-frequency oscillation suppression[J]. Electric Power Auto-
mation Equipment,2014,34(3):89-92.
WRIRF R kB S5 o R A T AR 8 I I AT R g
[J]. "PEBHLTR%MR,2013,33(4):96-102.
CHEN  Yiping, CHENG Zhe,ZHANG Kun,et al.
regulation strategy for islanding operation of HVDC[J]. Procee-
dings of the CSEE,2013,33(4):96-102.
(6] BX R FEZE SRO 45 vl 52 F A vh TR 6 S I A2 5 42 o ) At
[J]. HREA 2008,32(21):22-25.
ZHAO Liang,QIN Qin,GUO Qiang,et al. Frequency control for
islanded system at sending terminal of HVDC power transmission
from China to Mongolia[J]. Power System Technology,2008,32
(21):22-25.
T O R BRI AR T GO — 1 R R T B R SN
AT R[], s EFE A, 2010,36(1):185-189.
LI Yanan,MA Weimin,YIN Weiyang,et al. Island operation
modes XS800 UHVDC system[J]. High Voltage Engineering,
2010,36(1):185-189.
(8] ThEkJe A A, 5. HVDC 23 I 128 47 77 2 i B o 422 ]
Heme[)]. AR 2006,30(24) :22-25.
MA  Yulong,SHI Yan,YIN Weiyang,et al. Additional control

—
W
[

Frequency

—
-
[

strategy for islanded AC system at sending terminal of HVDC
[J]. Power System Technology,2006,30(24):22-25.

EAEA R e FE FE L AE. I IR IS AT O U R R 4
MR S SR ()], R 2013,37(5) :1401-1406.
WANG Huawei,HAN Minxiao,FAN Yuanyuan,et al. Sending

—
=)
[}

end frequency characteristics under islanded operation mode of
HVDC transmission system from Hulun Buir to Liaoning and
corresponding control strategy [ J ]. Power System Technology ,
2013,37(5) :1401-1406.
[10] =58, 20008 AR 20 45 JE T 552 52 B3 J28 5 1) B Tl 25 B
Je il ar it ()], W A Sk 4,2015,35(2) : 80-84.
LI Kuan,LI Xingyuan,LI Baohong,et al. Design of supplementary
subsynchronous damping controller based on projective theorem
for hierarchical control[J]. Electric Power Automation Equipment,
2015,35(2):80-84.
TRIPATHY P,SRIVASTAVA S C,SINGH S N. A modified
TLS-ESPRIT-based method for low-frequency mode identification
in power systems utilizing synchrophasor measurements|[]J].
IEEE Transactions on Power Systems,2011,26(2):719-727.
[12] EWE A2, £, 4. ST TLS-ESPRIT FEIR Y 2 B U 44 i
HURGBEILL) ). B R GRS, 2012,40(19) : 121-125.
WANG Xi,LI Xingyuan, WANG Yuhong,et al. Analysis on

—
—_
—_

[

controllability sensitive points of multi-HVDC systems based on
TLS-ESPRIT method[J]. Power System Protection and Control,
2012,40(19):121-125.

[13] ZHANG Y,BOSE A. Design of wide-area damping controllers

for interarea oscillations[J]. IEEE Transactions on Power Systems,



(48] R R 5 36 %

2008,23(3):1136-1143. [17] KUNDUR P. Power system stability and control[M]. New York,
[14] TRIEEY MU, SR, 45, 3T TLS-ESPRIT () R4 ik & 1 #1125 USA :McGraw-Hill , 1994 11-22.

TR T[], FIMEEAR 2012,36(11):109-113. [18] OGATA K. BUALHEHI TR [M]. 5 ML fifA3, M2 3%, Jbat,

XU Xialing,LIN Tao,ZHANG Fan,et al. TLS-ESPRIT based HL P Tl H At 2012, 238-245.

quantitative analysis on participating degree of load in low- [19] PILOTTO L A S,BIANCO A,LONG W F,et al. Impact of

frequency oscillation[J]. Power System Technology,2012,36(11): TCSC control methodologies on subsynchronous oscillations [J ].

109-113. IEEE Transactions on Power Delivery,2003,18(1):243-252.
[15] B4 Ffd, X) HmIS BTt 501 [)]. B Rg M H

H 8h ik 2= 4 ,2011,23(6) : 101-104. EE-GN.

LUO Fei,WANG Jian. Test and analysis of Tian-Guang HVDC
transmission system in island operation[]]. Proceedings of the
CSU-EPSA,2011,23(6):101-104.

[16] WREEWS. )" R e e A i H TR 306 i I 0 AR 2 il 43 e ).
LD, 2011,32(11) :48-50.

XU Panteng. Frequency control analysis for island system at

o F(1990—), B T AEZHA R
TR AE LT RAGELRN S
%A Z 5 32 4 (E-mail . willian_weiliang@
163.com) ;

e (1971 —), %, TRA Hix 1F
T AT RAZBELRME L RAER
& 5 3% %) (E-mail : yuhongwang@scu.edu.cn) .

sending terminal in Yunnan-Guangdong UHVDC transmission
project[J ]. Electric Power Construction,2011,32(11):48-50. E A

e

Design of additional frequency controller for islanded
sending-end operation of HVDC system

WEI Liang, WANG Yuhong,LI Xingyuan, LI Dongxiang,LIU Xiaohan, TANG Hua

(School of Electrical Engineering and Information,Sichuan University,Chengdu 610065, China)
Abstract: Due to the lack of load frequency modulation effect in the islanding mode of HVDC system
operation, the disturbance of AC/DC system may easily lead to system frequency instability. TLS-ESPRIT
algorithm is applied to identify the transfer function of a real power system and an additional frequency
controller is designed based on the root-locus approach,which utilizes the fast controllability of HVDC
system power to stabilize the frequency of its sending-end AC system. A traditional PI controller is also
designed and compared with the additional frequency controller by PSCAD/EMTDC simulation,and the
results show the designed additional frequency controller enhances the frequency stability of islanded
system effectively.
Key words: HVDC power transmission; islanded operation; frequency stability; root-locus approach;
additional frequency control
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Linear optimal control of multi-functional grid-connected inverter
CHENG Chong',ZENG Zheng?, TANG Shengqing', YANG Huan',ZHAO Rongxiang'
(1. College of Electrical Engineering,Zhejiang University ,Hangzhou 310027, China;
2. State Key Laboratory of Power Transmission Equipment & System Security and New Technology,
Chongging University , Chongging 400044, China)

Abstract: The topology of a three-phase multi-functional grid-connected inverter with isolation transformer
and LC filtering sections is converted into an equivalent structure of an inverter with LCL filter. The small-
signal model of LCL filter is built based on its state equation and a linear quadratic optimal control
strategy is proposed,which eliminates the inherent resonance phenomenon of LCL filter,compensates the
harmonics,reactive power and unbalanced currents at the PCC(Point of Common Coupling),and improves the
power quality of PCC. In order to enhance the system stability,a feedforward control algorithm is utilized to
adapt to the linear quadratic optimal control and a PLL-less algorithm is applied to generate the
compensating current and power tracking current. Simulative result with PSCAD/EMTDC verifies the
correctness and validity of the proposed control strategy.
Key words: multi-functional grid-connected inverter; LCL filter; linear quadratic optimal control; feedforward

control
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