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Abstract

With the rapid development of DC project, China has formed a large-area grid
pattern of AC and DC parallel operation, which plays an crucial role in ensuring energy
supply and absorption. At the same time, the large-scale AC/DC hybrid system makes
the grid structure and operation complex, and the transient stability problem is
prominent, which brings great challenges to the security and stability control of the
system.

On the one hand, in the face of large-scale DC project access and new energy grid-
connected, the rotation inertia of the system itself decreases as a whole, and the situation
that the traditional cutting machine control causes the cutting machine negative effect
is increasing day by day. On the other hand, the complicated system structure and
running condition make it difficult to match the policy table with the fault after the fault,
and the policy table online generation is faced with the problem of long computing time.
Under the condition of large-scale AC/DC hybrid system, how to adopt the
corresponding transient stability control method quickly and effectively after the fault
occurs becomes an urgent technical problem to be solved. However, the quick
regulation and overload capability of the DC system enables it to change the transmitted
active power in a short time to maintain the power balance between the sending end
and the receiving end, it provides a new solution for emergency control under the
background of large-scale AC/DC hybrid system. Based on eigenvalue analysis and
complex network theory, this paper presents a multi-stage optimal stability control
method for AC/DC system considering DC emergency control. The main work is as
follows:

Firstly, based on the EEAC theory, the operation mechanism of the cut-off and the
DC emergency power support in the transient process is described, and the control
effects of the two control methods are compared from the angle of transient stability
margin, this paper analyzes the possible negative effect of excessive power cut, and the
use of DC emergency power to reduce the traditional power cut can effectively prevent
the negative effect of power cut and improve the transient stability of the system.

Secondly, based on eigenvalue analysis and complex network theory, a dynamic
partition method is proposed, which includes load node and DC node into grid partition,
this method makes up the deficiency of the traditional grid partition which only
considers the generator nodes, and the result of the partition can realize the decoupling
of the information of each partition to the greatest extent, that is to say, the strong
coupling inside each partition and the weak coupling between each partition.

Finally, based on the results of dynamic zoning, the traditional emergency control
model is improved and a multi-stage optimal emergency control strategy is proposed.
Taking advantage of the high coupling of the internal nodes and the weak coupling
between the subareas, the nodes in the fault subarea are firstly controlied in the
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optimization process, and the dimension reduction of the optimization problem is
realized by reducing the control variables, the optimization function is linearized by
sensitivity analysis method, and the computational efficiency of on-line decision
algorithm is improved remarkably.

By using DC emergency power support to reduce the power cut, the negative effect
of power cut can be avoided as far as possible, and the transient stability margin of the
system can be greatly improved. The precise control of transient stability problem can
be realized by grid partitioning, and the multi-stage optimization of emergency control
can be realized based on the grid partitioning results, it can not only enhance the control
ability of the complex system, but also greatly shorten the on-line calculation time of
the policy table, and avoid the system transient instability caused by the untimely

emergency control.

Keywords: DC emergency power support; Negative cut-off effect; Power Grid Subarea;
emergency control; multi-stage optimization
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min F(u)

x= f(x,y,u)
s1.5 g(x,y,u)=0

{zsh(x,y,u)si—z
AFR F—BRERE, UERFERA AR

(4-1)

—E AR R, WRTERRG P TEER A
x——RGREZE, WHENIIASNAERw,
—RENNREEE, MEFLKEEREVIHEAG.

e RAWR, FEEEHE RGNS TR T
h—AERAN, FTEAHERNEEMRSEZEN ETRARURES
FRELAR.

4.2.1 H¥RERE

HSHATTREE R R ES AR, EFERE JERHE SR
FIKErEN AN, KIERRAEIRK. KEEEUNL. VAFURERER
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AP F— & S T B A
c—IHLRINT I E R EL;

c—HRMEB B RN ERL

c— USRI RN E R

P— RGN YIRENT S A E:

P— RS ERER A RE:

P——RAAYI AW AE R

BHHEO AR P Po M P ¥REZ B BT RTR T TR

£ BERMER cov ca T o AURMEVIN., HRE SRR 5
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SXAF S, FENLWSHRMBSLERS R BPUERIXT R =B
WA HREMBRARSRE, WA @-3)M@-4)F7R:

ds,
o !
dw, 1 (4-3)
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a T,
PF-Pr_ VS VH(GFcos8*+Br sind*)=0
Gi Li i j i ij if ij
e (4-4)
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I/I nin S I/lk S I//ma\

glmirl < Hlk fglmax (4_5)
Pllmin - ‘PI,I = ])Ilma,\

Qtimin SO L0,

Proin SB' <P,

Pinin S P4 S Py,
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[ AT 1800, DAL F B M 41T LAFEIA Ay
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k k k k k k ko k
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JjeSy

0, -0, -V} ES; V(G sing} ~ B} cos8,!) =0
JE€N
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& L (B,-P) @7
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PLimin < PLik < PLimax
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BERTFEADENIENA, EnELITENE, ANESEEINEREEREESE
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min F = aZc 4 +aZZc,1 u2+---+aPZCPJPqu (4-8)
J=1 J=1
A &——%k%ﬁBW%T?ﬂﬁﬁ BERENTA., AT EMERT
e
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P—% k MrEAAETRNNHFERE, SR ATUNE.
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u——H kNP XAREZEHE, GEUIE. VIRENERXEE,
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AZ5F, HAe=10, BRI XANEHTSS53R.

40



LR AR ERM AR

& LETR, ZMBRAERBEEER T R kiR )y

i l,
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j=1 j=1

Rr-Pl-V*> V! ((}”k cos®,* + B, sin ()”A):
JESN

k k 7k 7 k R k k kY _
0." -0, -V, Z V. ((1,/ sing," —B " cosb, )—
JESy
do,
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TR AS L i R LA

P 4-2 R SR AR i iR I

4.4 B {555 E
4.4.1 THRBETHZEITH

ANRA 2.4 WEBSGERY IEEE 39 W iR (Wl 2-7 FiR), REBE/GLS
7 7s YRR AEFELE 0.2s M= AR, ERLSXERMERM EHTESME
Fh. HEK 3-8BANNSXLERTH, MESXASKX 2, HFESX P
T EAEHEMhvdel. hvde2, AT AT. SUULKKHBHLT A3, &WANERLE
AR MIR e E R EENR LR 4-1 Fir.

HY 4.2.1 9%, 20080 E B4 H AR EIRN R Ac~1.5, ¢=0.8, c~1,
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REIGINE 5 T
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ERMUPRHEREA S REMATEIN A, 2HNER hvdcl-hvde3, &
ALY A 30-38 LUK 13 MAfT T A, XNEIRILERE LU RGNS Rink 43 fr
No

K 4-2 ZH B ITTE
ERKRH B EAu EHI A F

1 Aupy=-0.2941,A14,=0.2778 1221.9
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