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ABSTRACT: The impedance model is widely used in the
stability analysis of multi-machine networks in wind farms
(WFs) because of its clear physical meaning, but it still suffers
from high dimensionality, high analytical difficulty, and poor
scalability when studying WFs with more complex structures,
and it’s difficult to quantitatively describe the resonance
participation of each active node in WFs by existing analytical
methods. In this paper, a stability criterion and resonance
participation risk assessment method for complex multi-node
networks based on the interaction between active and passive
networks is proposed. First, the active nodes and passive
networks are divided according to the WFs sequential
impedance network model, and the relationship between the
self-stability and the conductance of the single active
equipment and the passive network is analyzed; the stability
criterion of the WFs sequential impedance network is derived
based on the active multi-node equivalence model, and the
resonance participation factor of each active node under the
disturbance frequency and the coupling frequency is defined,
the resonance participation of the WFs under the influence of
the coupling frequency is realized. Finally, the effectiveness of
the proposed analysis method is verified by applying specific

examples.
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Fig.1 Electrical structure diagram of a wind farm
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Table 3 Power output of each unit in the wind farm

HlLH Hi J1/pu HlLH Hi J1/pu

SVG 0.65 ALH 3 0.95
RBLH 1 0.82 ABLH 4 0.76
ABLE 2 0.98 AHLER 5 0.84

x4 REBIFLERMLERESH

Table 4 Main parameters of wind farm system

% 2 Bl
T/Q 2.42+48.381s
R A TH/Q 0.605+12.1s
T5/Q 0.31+6.28s
Z/(Q/km) 0.0786+0.12s
2R % Z4/Q 13.82+113.1s
Zo/Q 13.82+113.1s

B 1 FiRZHILRGEH, FBEXHILF SVG 1)
AR A AR P PR, ARPER 1.
2 HIE TS H R (15) 0] LA RIE R At et
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Table 5 Active node oscillation mode participation table

Z 5T /% Z 5T /%
Rl Rl
wahm  fA Hwahm A
SVG Hif  46.65 52.92 KAMLE 3 0.10 0.12
JMLER 1 0.00 0.00 NMLER 4 0.06 0.02
KMLER 2 0.07 0.08 KMLER 5 0.00 0.00
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The complex control role of a large number of
devices intertwined with the characteristics of the weakly
the
characteristics of the wind farm grid-connected system

synchronized grid, which makes dynamic
extremely complex, with outstanding stability problems.

This paper proposes a stability criterion and
oscillation participation risk assessment method applicable
to multi-node complex network with the interaction
between active and passive networks as the entry point.
The active nodes and passive networks are divided
according to the wind farm sequential impedance network
model, the relationship between the self-stability and the
conductance of single-machine active equipment and
passive networks is analyzed, and the stability criterion of
the wind farm sequential impedance network is proposed
based on the active multi-node equivalence model.

Firstly, according to the electrical network theory, for
an arbitrary multi-node network, the node voltage
equation and the output current of active power electronic
converter connected in network can be written as

{i(S) =Y, (s)u(s) )
ii(s) =10 (s) =Yg (s)u;(s)
where u(s) is the node voltage, ¥x(s) is the passive
network node conductivity matrix of the system, ¥g(s) is
the conductance matrix of the i-th active equipment
equivalent. The multi-node network schematic diagram is
shown in Fig. 1.
Combining Eq..(1), the stability
open-loop transfer function of the active node is

equivalent

constructed in this paper as:

G(s)=det(Zy(s)¥s(s) +e)~1 (@)

Eq..(2), which characterizes the impedance stability
criterion based on active nodes, for a multi-machine
network system, when each node parallel device is
individually stable and the network composed of series
branches in the system is a passive network, the
multi-machine system stability depends on whether the
Nyquist trajectory of G(s) wraps around the (-1, 0j) point.

S12

Zy(s) Ziy(s) - Zy,(s)
. 1| Z21(8) Zy(s) -+ Zy,,(s)
Uu, ____;____ |

- ZY 20 () Za(s) 0 2 (s)

Fig.1 Active node and passive network sequence impedance

interaction schematic

Further, the loop current equation and nodal voltage
equation of the system can be expressed as

{(e + Zy (5)Ys (50 (5,) = Zy (5,)i (5,)

3
e+Zy(s,)¥s(s,) = HAR

where A = diag(Ai,Az,...,Am.1,Aom) 1S the eigenvalue
matrix; sy is oscillation mode; H and R are the left and
right eigenvector matrices, respectively.

Combining Fig. 1 defines the active node modal
current and voltage vectors as

J= Rle (s)i"(s,) @)
U'=RU(s,)
Substituting Eq.(4) into (3), we can obtain
U=HARZ i ~,'P'Zi' =),'H'R'Z\i*  (5)

For a particular power network, under the oscillatory
mode sy, the participation factors of the active nodes to the
coupling and perturbation components of the oscillatory
mode are defined as

L Y

AP IR

S (©)
B =g

2P [+ B



