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Fig.2 Equivalent circuit diagram of

low inertia system at sending side
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Fig.3 Block diagram of controller

2 VSC-MTDC I T =& #

2T EWIbINE S ol P NERT e W N W o 1
PE VIR AR Z ] i 7 et o, B2 4%
AR R GTIBATIRZS A AL o 1) 25, BUE A
AR S T R A P RARYE T T R R
AR S, R S RS T R AR

Py Py,

fRAB XA Y

} ¥ T By REHH
e VSGC,

} T, Bs ROHIH £,

Uf <5 |7 U[s*cﬁm
VSC,

B 1 RIEERLEEZ VSC-MTDC % H 4544
Fig.1 Structure diagram of low inertia system sending via VSC-MTDC



® & 0 8 % w it %

%39%

FIA DA R WAL =2 18] Y 56 2R | AR SC 7% R J2 25 i
RGBS R ST O, i 0l ST R A
DA Z 1) T 2 28 K00 1 v R GE IR AR AL
2.1 ZimiRimERH T EE

TRV T 3 R A, 225 B R GBI T LR
FAFN L BAELUT LA

a. ELURALRSES, B AR A L ER R as
s S5 KF-DRAE T BRIZHE TR0 A R A 38370 4% 1)
PN R R SR E i 2 B
ZA 8 LI L s i 2 1 R EAE £10% LA,

b. Bl A, s B R R E

c. ELURALIRRRE], A AR B AR A AUE F
TSR, R T FRME L B i R S S ik

ARG LA B2, T ARG 31 52 S e it A 1 347 1]
AEsAT X E AN 4 fros, EP A DR R
PRAAE

b2 ~— AR —
HLI ““““ NS T T
1.0 ! iR
g e Eﬁ%&ﬁﬂ
0.9 f---mmmm- N
ogl— .
-20-15-10-05 0 05 1.0 1.5 20

AR
B4 #imss TEEFRESITXE
Fig.4 Operating range of droop control for converter
RGAEIBATI , RGE IR EAR TV, B
AN, D3R i 22 A5 e i AL DR, %A
i 1) ELI AR GE A D HIR D 5 R G T 2 A4t
¥& P, HYEA 0, a0 (4) Fis .

ZPi+Ploss:O (4)
i=1

Hor n A FEL

IR LA R ARG RN IE, YRGEUHEA
SR, B R 4 & A AR AR, R T R R B, i
ARGV s R A YR S %, B85
ST, A2 S A G R AR 25 AU, S &R
G DR R 2 AP B RN

AU, =k, AP i=1,2 (5)

Hor ke, A T I RBP4 A R ok
U, M ET R, 7 Zd/ NG DR Y R
i, R 3N Th )
2.2 EinHimass P-f TEEH

X F R IR R 55 R A, Y FRE YR S AL D)
BRI 5 Tk w2 e A A Ak ARt Bl B % A
YOS SR T AR AR R B AR Ak, R LLR] R R A Bl
AYERE , PSS R G TR 280, FRARSS I R GMR
ARAGRISENE o AR SR P—f 2 RO AL G el 7 280t 2%
AT A A D 2R A S R Y O R (IR

IR sh Jr ), AR SCh il £k P—f B9 RR N IER) |, i
S iR, RS, P, F P, et 25 5 0 R
fBH,P,,, =—Py,P,.. =Py, Py N0 05 2 5
S NS ARG R I L FRAE M AT R G RN
TRRAE ; P, A £ BRI AR E B IR T A T
RFFAR, Hh £=1 pou., KT RNERIZEFT,
WA P—f HEEB T E R RS, B i AR A
Dy mZE AP FUHAw2E Af IR AUT .

Af=k_AP (6)
Hirp kAR ImiR i ey AP A1 AS B R

P 0] P P
B 5 FEimiiRas P-f
Fig.5 P-f curve of converter at sending side
fERASE H | Shyik S 45 Ui o AT 2 2 3 i okl T L) 4 ik
AL, S, O VSC, W45, Py VSC, R A4
hia VSC, i th B9 Do, aT SIS i

- 1
2H])Scla:P _POZFAf (7)
FEBTTE] Ar P9, %55 (7) PSR A 15 5
1 At
H =
Pk, 28, (8)

O AR F8 L 45 14 25 R 0/ 1o 191 L e B
NEEREC RIS (8) AT LA H 2K v 3 A
SRHLA) eSS B S OC R &, (RN, S A
LB i 1 B, (0 R SR BBt R &
GERBAS SN I B A T RS 253K i
BEEN W e SN /)| DI e St e ST TR
VASE 915 B 9 23 DA e 58 S8 I R e B 4t
HEFUMBURE 506 37 52 U 28 G A 20 25 3 7 3 [ 40
WA AR

3 TERVWBENFT

R T REAE B R FIR B b ) FH 3 s 2 1 T D) o3
BN | Dok /NAC I ZR e 5 BT L R A AR Ak, 5
JE ARG 1Y L) R B AR M Le i R 2, JEZR
P ) 2R B0 MR 400 T8 245 1 25 R o) R Pl s PR ) fe 2
B[R] Esf R 25 BT 5 FROAS N KR, 18 WA 25038 ik
A I SIS Ko 45T 5 A B R D sl A A R SR
3.1 HKimHRE BIiEN P-f TEERES

TEIBAT I P, ARGt Y Lo ) R B0 ARk
B B B 2R 850, o R PR B b R i 25 1 25, sh S0
TIBAT R IR AR AR ) B R R A AR E
W B SCRTIR kb Ry % 2 55 2R G0 v 1) 4 3 A 4 R S8



E28

BT, e B RS VSC-MTDC f [ 1% T 41 ®

1971 e 2 R, FOE B

k.= (f~fo) my (9)
ST
(Pmax_P())2
T fa
(Pmin_PO)2
MRIE(9) M (10) , AT LIV T R A &
REJE T R ML s 6 iR,

Af>0
(10)
Af<0

Eo ZEEBRAMNGRFN TERY ML
Fig.6 Curve of droop coefficient for converter
connected to weak system

M 6 Hn] LA 05 B 22 il 2okt
A LA MO /D, 337 2 1) 47 1) 28 SERE RS 5 A
Feor MR LA A SR PR A D AR i O
IBATTERRIE N 48 1 AT RYRE ST, ] LAFE SR
R BE E A SR AR B Bl . AR5 R G
e (14 1 38 DA U AE P A ] 7 i

*—lAf

B 7 &E#E5ERSGRRRRNBIEMIEHIER
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3.2 FHinikimaRe)BiEN TEES

Ak i A A DB 3 i 2 RIS A i 2 22 1] 4 22 8K
oh L SE LAY AR R GRS | 2K S 4
AT RA R R GE A R, BRIk
Al . S TN B BN, A R Al 2 R LA
CNAR L EEd G QU AN S B A L R EI C s
S R G n] A ORI A B i ds i A, s S
PAIB AT AL S RS IR

B R ezl I ESCISPRINEE S AL IR aa W R

kv:\/ <U(|(:_U0)m\ (11)
Udcmax_UO
e 0 AL, >0
(Pmin_PO)
m, = (12)
Udmnin_UO
e 20 AY, <0
(Pmax_PO)

Horbk, R AT RGN N EREG U, B
JE 3 U g T Ui AL BB ; Uy ARIHRTE
> H e D IO 2 N 45 A 4 3l T AR R

FBORTTA DI ARG Y 32 S i i 2 A 8
ZAniEl 8 s, MIEL 8 WA LA i, R g nl Llia AT
T R S T 14 R A 9 T PR ) [ P /L ] e 2t )
FHER AR AR, 52 97 R GEHR LA 1Y) T8 I 42 fh HE
BP9 Frzs o % T B R G, 240K Ui 2R G0 B
SRR 1K v 23 18] LI R G A AP B Zh
HOBCRE P ERB ER ARG 27 E AU, B H
CNERY & MNP ORI NE PRI E S V(U NER S WD)
HERE R AU, , BA

AU, —AU,, =k, +k,) AP (13)
bk, DT SRR b, AR SCHR Y H R
7 A ol ) o R R

i n i
iP. 0] P P

----- FRER T I, — ERHT
B8 SZimiimenh) TE R L&
Fig.8 Curve of droop coefficient for converter
at receiving side

-1 2%

9 ZimRGIRRARN HENEFIER

Fig.9 Adaptive control block diagram of converter

at receiving side

B DMRAK13) ATRAES, 2 (13) 15/ T
S50, BRIXS T [RRE A7 D 2 2 8, >R A 3 BT
FEEE N 0 R RS /N, T LR 8 s iy
H &N T I 2 b & W % T R A PP R
AN, T i ) A 2 7R S AR BT e
AR Z A0, 2R A& N S B s %
/N,

4 HESH

R T I A SCTHE A ] 7 VR A I B G R A
LI L Sl A ] A R DA e 22 v 2R G A T 1)
R FE PSCAD/EMTDC B4 w5 7 anie 1 fr
JNBY =3 VSC-MTDC MK & 48, Horp, 36 v IR
L ARG H-ER R RS & AL, VSC, ik i e
wiar, VSC, Fl VSC, R Az uid i #s . B R AR5
HBHUNM SRR AL BR, 2 & L 5 S5
wnpfksErh 3 A2 Fios

T WFFE VSC-MTDC — i AR B A2 i RS AE
KA LT, A SCHRE 0 A 38 T 38 458 i 6 28 3
GRS I AR X £ far 58 15 N 58 9, 2 Ff



® & 0 8 % w it %

%39%

TEOLIEAT T 05 B AT, 5T T4 i AN 32 D3 ol 1F
17 VR, AR, VSC,  VSC, SR E A
Do, VSC, R BT R Aa il AR 8 4 37t
AR 7, G vty 400 38 4 118 T S0 5T T 3 1l R 2K
9 0.004, VSC, )T T R ECH 0.04, VSC, BT IR
BOh 0.1, FNEEH] R EE S A SN TS
RGBT AR — 2, B B R G A DR T )
HIE,VSC, WA NHIRSZH N 40 MW, VSC, 1A
NINERBHAG J - 15 MW, VSC, HIA RS (4
J-20 MW, MRS KA RS e
FRAE [ B 4 il BRCE A T R, i R ik 2R i 7
{LIgs
4.1 FimIMEAHFOIN R FE
4.1.1 HB) 1. 2% EFEATHZAE R TR
MARG R EBITH 4 s B, fum A R i 50
MW FEAIKE 30 MW, I H 5 Mvar FEEE 2
Mvar , 152 i 05 EL45 R A0 & 10 frs, Ed, R G000
FNR A, JEIR . A 10(a) Al LAE Y, 2400
ARG R AR SN, RER S I A5 E
P 22 B 2R G0 R FH B9 2 32 AR T SRS, 38 I &
SRR RAAEL I, W R G aa 738 i T U ; 45 %
I N 1 € e 1 o S s R AN S O
HilJ5 , REWE A 232 T FR G P b e 40U 1L, 4100 ) A 32 e 3
AYBRAE, FLACR .35 5 TR A 0y S 4 i 1Y &

© 1.20
% 1.15
ﬁ 110
1.05
W 1.00 ®/ N—
0.95 - i :

0 20 40 60 80 100

MW
g5y
T ©
e

MW

LoLoL

S W o w
o

©

(=)
—_
o
)
S
[99)
(=)
IS
(=)
W
(=)

HIDHEMW
Ly L
“hn O wn O
®
©
MW
b L
wm O wn O
|
i @%}

HIHEMW
L L
wn O W

@
Te

0 10 20 30 40 50
tls
(d) VSCHiABIAB IR
OH@EN FEEdH, @ FREdH, @ EMEH
B 10 fARRBEBAELER

Fig.10 Simulative results when load suddenly decreases
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Adaptive droop control of VSC-MTDC connected to low inertia system
ZHAI Dongling' ,HAN Minxiao' ,MA Junpeng', WANG Peng’
(1. State Key Laboratory for Alternate Electrical Power System with Renewable Energy Sources,
North China Electric Power University , Beijing 102206, China;

2. New Energies Sources Co.,Ltd. of China Power Engineering Consulting Group, Beijing 100120, China)
Abstract : As for the VSC-MTDC ( Voltage Source Converter based Multi-Terminal Direct Current) system connected
to low inertia AC system,the frequency of the system may fluctuate when large disturbances happen. Therefore , the
P-f droop control is introduced in the converter control to supply virtual inertia for AC system. In order to further
suppress the frequency fluctuation, an adaptive droop control for VSC-MTDC is designed. This control method can
take advantages of converter capacity to a large extent,adjust active power quickly and reduce DC voltage variation.
Additionally ,a three-terminal model is built in the PSCAD/EMTDC software to compare and analyze the impacts on
frequency and DC voltage of master-slave control, P-f droop control and adaptive droop control. The simulative
results show that the droop control based on P-f curve can suppress the frequency fluctuation effectively and the
adaptive droop control can reinforce the suppression effect and decrease the voltage variation so as to improve the
power system stability.

Key words:low inertia system; VSC-MTDC power transmission ;adaptive droop control ; stability
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Directional adjustment strategy for equivalent generator output

based on power sensitivity
XIA Chengjun' ,HUA Xia',LI Qing’
(1. School of Electric Power,South China University of Technology , Guangzhou 510640, China;
2. Maintenance & Test Center,CSG EHV Power Transmission Company , Guangzhou 510663, China)
Abstract; The initial power angle is not consistent before and after equivalence due to the variation of balancing ma-
chine output. To address this problem,the reason for the variation of balancing machine output and the mechanism of
power angle deviation are analyzed. A directional adjustment strategy of equivalent generator output based on power
sensitivity is presented. Based on the power flow control constraints for transmission lines and the ramping constraints
for generators,the power adjustment of the control node is determined. According to the magnitude of the sensitivity
and the line power flow deviation ,the selection approach for control nodes is proposed. The line power flow deviation
before and after the equivalent is controlled within the required range considering the determination of control nodes
and the adjustment quantity. The power angle deviation of the balancing machine can be eliminated using directional
adjustment of equivalent generator output. The corresponding adjustment steps and strategy process are also discussed.
The effectiveness of the adjustment strategy is verified by the case of the annual data of China Southern Power Grid.
Key words : dynamic equivalence ;initial power angle deviation ;power sensitivity ; adjustment strategy ; electric power

systems
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Table 1 Parameters for the test system

ZH Al
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Table 2 Parameters for the SG

ZH Hofn
HE 2 HIMW 90
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58V I 1) 5 $ /s 3.17
Xd:Xd X /pu 1.014,0.314,0.28
Xgi Xq X1/pu 0.77,0.375,0.15
Ta, Ta Tq /s 6.55,0.039,0.071
JR B HL 25 R EUpu 0.04
JE S AL T & % s 2.0
A5 15 BB 1) 3 K /s 0.05
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