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Adaptive robust-sliding mode control strategy for improving stability of
interconnected power system with virtual inertia of wind farm
YANG Tao',LIAO Yong',TANG Mengyang’

(1. State Key Laboratory of Power Transmission Equipment & System Security and New Technology,
Chongqing University, Chongqing 400044, China;
2. Intelligent Electric Power Grid & Intelligent Control Key Laboratory of Nanchong,
Southwest Petroleum University , Nanchong 637001, China)

Abstract: Under the background of large-scale integration of renewable energy represented by wind power
into the traditional power system,the coupling effect of non-synchronous generator source and synchronous
generator source and the uncertainty of wind power output make the stability control of interconnected power
system face complex operation scenarios. Aiming at this problem,an equivalent rotor motion model of syn-
chronous generator considering the effect of virtual inertia of wind turbine is built based on the principle
of power balance,and the system parameter coordination and fault factors are expressed as equivalent inertia
parameter perturbation and bounded uncertain disturbance. Using sliding mode variable structure method,
combined with the variability and controllability of equivalent inertia and equivalent damping,an AR-SMC
(Adaptive Robust-Sliding Mode Control) strategy is proposed to improve the dynamic stability of intercon-
nected power system. The theoretical analysis and simulative results show that,compared with the traditional
virtual inertia control method,the proposed control strategy can better suppress frequency oscillation and re-
duce the rate of change of frequency and relative power angle oscillation amplitude.

Key words: virtual inertia; interconnected power system;synchronization stability; adaptive robustness; sliding

mode control
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Table A1 Parameters of DFIG

K ZHUH S8 SHUH

LR RBLA B SR HE S, 1.5X10°W HI A Coc 0.01F

B B Vi 575V T IH IR HIIR S8 Ko, K 1, 5
FHEAR T, 60 Hz HF RN A S K, Ke 0.3, 8

& T HUBH RYIEPT Lis 0.0076 /0.171 P00 PR IR A AR 2 5 Kpss Kis 1.25, 3

VA 380 52 -0 7 v B A

—— 0.005/0.156 PR P A% ) A 28 Kpas Kia 1, 100
BB BT L 2.9 REFB A% ) 2 HMH Kats Kot 8.56, 20

FLIAL A LR Ve 1200V KPS REEHLER & Bk FHH 5.04s

Yf RS\ Lls N Rr' ~ Llr,\ Lmﬁ*ﬂ‘i’fﬁe

RA22[X ARG EHAE
Table A2 Branch data of 2-area 4-generator power system
AR AT Py HLBH CEE7N Xof #4012
5 6 0.0025 0.025 0.04375
6 7 0.001 0.01 0.0175
7 8 0.011 0.11 0.1925
8 9 0.011 0.11 0.1925
u 10 0.0025 0.025 0.04375
9 10 0.001 0.01 0.0175
7 9 0.022 0.22 0.1925
1 -5 0 0.15 10
2 -6 0 0.15 1.0
3 -1 0 0.15 10
4 -10 0 0.15 10

VE: XS HOH bR A, Horb AR 8 S0 LAZE 900 MV AL 20 kV/230 kV Ak, ik C Ll 100MVe-A. 230kV
yFEHE . R RO A B AME I I D% A PLr=860 MW, QL7=100 Mvar, Qc7=387 Mvar, P ¢=800 MW,
QLo=100 Mvar, Qco=347 Mvar.

&R A3 2 X A HLRGRE & B HIE
Table A3 Generator data of 2-area 4-generator power system

R B4 S Vy Xq Xq Xq Xq Xqd' Xq' Xi Tw T T T’ Rs H
G, 900MVA  20kV 1.8 1.7 0.3 0.55 0.25 0.25 0.2 8.0s 0.4s 0.03s 0.05s 0.0025 6.5
Gz, G4 900MVA  20kV 1.8 1.7 0.3 0.55 0.25 0.25 0.2 8.0s 0.4s 0.03s 0.05s 0.0025 6.175

H: RPSEBPNTEDUE R E 00MV A, FUEHLE 20 KV FHIK BT AESH.
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Table A4 Load flow data of 2-area 4-generator power system under operation mode 1

REDs F R AR HLEARAIC ) Pc/MW Qc/Mvar PU/MW Qu/Mvar
1 1.000 0 3.58 400 -37.12 0 0
2 1.000 0 0 426.83 -130.25 0 0
3 1.000 0 -2.07 400 -37.61 0 0
4 1.000 0 -7.75 400 -103.15 0 0
5 1.008 7 29.81 0 0 0 0
6 1.0195 24.17 0 0 0 0
7 1.0391 18.53 0 309.89 860 100
8 1.048 8 16.25 0 0 0 0
9 1.0379 14.09 0 266.08 800 100
10 1.0197 18.51 0 0 0 0
1 1.008 8 24.16 0 0 0 0

T HUREEhR X AH .

R A2 XANARFZEEZITAR 2 TR RBREE
Table A5 Load flow data of 2-area 4-generator power system under operation mode 2

RN HLE A HLEARAMIC ) Pc/MW Qc/Mvar PU/MW Qu/Mvar
1 1.000 0 -2.79 160 -61.17 0 0
2 1.000 0 0 487.78 -101.64 0 0
3 1.000 0 10.41 480 -19.38 0 0
4 1.000 0 358 480 -76.24 0 0
5 1.010 8 25.72 0 0 0 0
6 1.0239 23.44 0 0 0 0
7 1.044 2 18.69 0 312.95 860 100
8 1.049 0 21.15 0 0 0 0
9 1.0337 23.76 0 263.93 800 100
10 1.016 1 29.08 0 0 0 0
1 1.006 7 35.87 0 0 0 0

T HRBHE bR X AH .
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Fig.B1 2-area 4-generator equivalent model
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Ly =Zioy + Zys

2y =(Zoy +Zyyo 1 Z4s0) 1 2,

Zig =L+ Ly (B1)
Zn=ZgllZy

Zig=Zis+Zs
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Fig.B2 Thevenin equivalent model of 2-area 4-generator system

xR B 1 (a) PR XA .
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