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Fig.1 Frequency variation after

direct current blocking
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Fig.2 Model of two-terminal direct current system

3.2

Upy = TanRUi,RCOS «

3.2

3
Ud,l = nlklUi,lCOS Y - anc,lId (4)
T I

3
- 7nKXn,R[(I (3)
™

Pd,R = Ud,HId (5)
Pd,l = Ud,IId (6)
Upw = Uy + Ry, (7)

AR RO 235 Zm B A A2 0 s U, o B
TR s s U 9 SE T B L s s AR b 9 3 728 T
AL s o BRI ok K A 5y D AR RE A 5 X,
NAERARA LT 3 1, FLIRER LU 5 Py o ELIA 2
1.2.3 L AL B S0 O e
S FLUR TR IR FE, IO A AL B 2S5 R A
QDAC(XAC’XAC ) =0 (8)

¢HVI)C<XH\I)C s Xuvoc ’ZHVI)C) =0 (9)

K@ HACTL IS T 78, B4 R F AL L T AT
P X (o, Xyo 4050058 000 IR 258 k2
AR i ALFE & AL Y) AR Ll R AR AR ) S 855
Z e RAE T H PO 45 1 78 5 g A L AL 45 1 A 2 4
%Iﬁ@ﬁj\jfﬂ% ;XHVDC ’ XHVDC %?Jljﬂgﬁﬁﬁ)ﬁtﬁﬁ%&/ﬁ\:
TIr 285 3 Z e B S B
1.3 SMEB TR

(1) —=0(9) AL T 28 H i TR K H ) 114 43 52
SAPE VPR 5 S 22 8] B3 0 ) & A PR B 3
AL M 2R AE B LA B i PR AR T B, BAADE
fhFEanE 3 s

2 I ETTAERMN R RS

o T B E T R L ) AR A R S B 1 A AL
P, DU IR RO AT 0 AT SR A R 3R
(] P, 100 94 2 R, i T ML R 22 R A 52 i
HL R A O T B 2R E e MR B TR
R I B R i e LA 20 AR 2R e ) B 1 R4 X
G FE (1 [RTFE, FECIAL A Bt 7 SR 1 R IR T A



197 XUBH 45 <3 T 22 BB L I B A4 S DAl 5 vk

IR

ImA%MM%\Eﬁm\ﬁﬁ%ﬁﬁl

[Ny LS RS

i=1
W 57

[ 2 ] 3 XU P B AT 00

RHERA) TR,

4

B3 smEMMETARE
Fig 3 The flow of frequency resilience evaluation
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Table 1 The ultra high voltage direct current
data of East China power grid
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Fig.4 Frequency variation after different
direct current blocked faults
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Table 2 Frequency stability improvement methods
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Table 3 Comparison of frequency resilience
index before and after taking measure 1~3
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Frequency resilience evaluation for multi-HVDC feed-in power grid
LIU Yang', CAO Yi', ZHAO Xin®
(1. State Grid Jiangsu Electric Power Co.,Ltd.,Nanjing 210024, China;
2. School of Electrical Engineering,Southeast University , Nanjing 210096, China)

Abstract:In order to evaluate the frequency recovery capability of AC/DC hybrid power grid after fault accurately and
quantitatively,a frequency resilience evaluation method for receiving-end power grid with multi-high voltage direct current
(HVDC) feed-in is proposed. Firstly, electromechanical transient simulations are carried out under different HVDC blocking
faults so that the frequency variation of power grid is obtained. Then, the area between the frequency change curve and the
constant frequency curve during the primary frequency regulation is calculated to evaluate the frequency resilience of the power
grid. In this way, the mapping relationship between various DC blocking faults and frequency resilience index is established
successfully. Proposed method not only can evaluate the frequency resilience of multi-HVDC feed-in power grid, but also can
analyze the effect of different measures on improving frequency stability. In the end,taking the actual East China power grid as
an example. The adaptability of the proposed index to evaluate the frequency stability of power grid is analyzed. The stability
improvement effect of various measures such as increasing gas turbine is quantitatively tested. The results show that the
proposed frequency resilience evaluation method is effective and correct,which can effectively guide the planning and operation
of the actual power grid.

Keywords ; power grid with multi-high voltage direct current (HVDC) feed-in;frequency stability ;resilience assessment; HVDC

blocking ; primary frequency regulation

(%8 XA4)



