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Interaction characteristics of subsynchronous modes of a wind-thermal bundled system
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Abstract: There is a risk of inducing subsynchronous oscillations in the mode interactions between wind power and the
thermal units that are bundled with it. In this paper, the law of mode quasi-strong interaction of a wind-thermal bundled
system is studied: with a change of parameters, the permanent magnetic synchronous generator (PMSG) phase-locked
loop (PLL) mode is close to that of the thermal power shaft system and a mode quasi-strong interaction occurs. The
motion direction of two modes changes, whereby the weakly damped mode crosses the imaginary axis and quickly
becomes the negatively damped mode, triggering subsynchronous oscillation, and the system oscillation disappears after
the modes move away from each other. It is shown that both the turbine shaft mode of thermal power plants and the PLL
mode may cross the imaginary axis leading to subsynchronous oscillations, while the main part of the system oscillations
is determined by the negatively damped modes. Enhancing the damping of the modes where coupling occurs helps to
suppress the interaction, and increasing the number of grid-connected turbines and line impedance both enhance the risk
of system subsynchronous oscillations and exacerbate the degree of oscillations. Finally, the correctness of the theoretical
analysis is verified by building a model of a wind-thermal bundled system based on PSCAD/EMTDC, and countermeasures
are proposed to avoid the occurrence of oscillations.
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B A 5 MW
HE B 0.69 kV
ER A C,, =57.8 mF

A L, =0.1mH, C, =60 uF, R, =0.01 Q
L7 P R ky=k, =05k, =k, =1
R A ER kys =1, k; =1000

BAIER k5 =10, ks =15000
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Table 2 Parameters of synchronous machines

S Kl
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HIUE T 22 kV

MARSH

R, =0.0025, R; =0.000 43, R, =0.0051, R, =0.008 42
R, =0.0082, X, =1.66, X, =091, X, =18, X; =1.8604
X, =1.7037, X, =105, X, =1.016, X, =1.004
T, =0.185794, T}, =0.311 178, T;; =1.717 34
T, =1.76843, T;; =1.736 99, T, =0.068 433
Dy, =D, =Dy; =Dy, = D = Dg = 0.05
K, =23.163, K,; =41.915, K, = 62.446, K,; =85.030, K, =3.287
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ZH il
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4B PT/pou.

Z,,=0.0017+j0.038, Z,, =0.0131+j0.142
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1350 MW, kLl & HFLE &N 0.05 puhf, K
2 RRATHRAT TSNS R GEIR[RI A V0 A 1 OSSR =X
W& 4.
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Table 4 Wind-thermal bundled system subsynchronous

oscillation mode
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5(6) -0.0643£j160.545 25.552 PGRIES
7(8) -0.3385+j125.249 19.934 Gt
9(10) -0.20724j98.496 15.684 K HLEN R
11(12)  -15.1286%j121.031 19.263 PAWEENENEY 2N
13(14) ~2.2148+j92.3341 14.696 JA LA R
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