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Online warning of transient power angle stability of power systems with wind power
based on critical inertia and anticipated faults
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Abstract: Large-scale wind power access reduces the inertia level of a power system and increases the risk of transient
power angle instability. Carrying out online warning of transient power angle stability before faults in power systems with
wind power is essential to ensure their safety and stability. An online early warning method for the transient power angle
stability of power systems with wind power based on critical inertia and anticipated faults is proposed. First, a theoretical
analysis is used to obtain the inference that the power recovery process of a wind farm cannot be neglected for a short
period of time after fault clearance, and an equivalent external characteristic model is established. A mathematical model
is constructed based on the extended equal area rule to take into account the multi-stage characteristics of wind farms.
Second, the critical equivalent inertia of the transient power angle stability of power systems with wind power is defined,
and a practical solution is proposed by means of uniformly accelerated segmental equivalence. A transient critical-inertia
index is then proposed to quantify the stability margin analysis and give a risk rating. Finally, the validity and applicability
of the proposed method is verified by simulation using a four-machine two-area system with wind power access and an
IEEE39 system as examples.
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Fig. 1 On-line early warning of transient power angle

stability based on anticipated faults
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Fig. 2 Online warning framework based on critical inertia and

anticipated fault transient power angle stability
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Fig. 3 Equivalent impedance of wind farm in multiple stages
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Fig. 8 The 4-generator 2-area system with wind farm integrated
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N I RA AR Gl SRR T DU IE AR SO BT VA
AR AE BRI T, ZBETHERIN A0 0.50 s
i, BFEHHD YR Bl —E e, e
B AL, A RGESIMEE, W 10(a)
Pios: AHEE BRIy 0.51s I, & RPN
MW, RGBSR, WE 100)F7R.

60 60
—Gl —al
50 —QG2 50 —QG2 A
< 40 G3 < 40 G3 Tl
£ 3opl=—% £ 30
€ 20 £ 2
R R
™ 0 T
0 0 bR
-10 -10
0 1 2 3 4 5 0 1 2 3 4 5
I [8)/s I} Ji)/s

(a) HBEIE BRI A1 90.50 s (b) H S RIS 7] 40.51 s

E 10 ZHATN AL

Fig. 10 Power angle swing curve of each unit



- 80 - B 2GR 54

BRGNS AU R H i B LT S
6.346 s. HRIE SCHR[25-26], IR F G AU %140 1
&% C A1 C, 73 HIEL 0.10 F1 0.40. STHR[24]4 X
HHL 37 TE WP 5 J 1) Ak FE A e e T R 5, B 22
W& T AR ENE . T EEAC 2 HT HI25 200 M ek
BHZRINIE 11 i, Py APy 43 5 s BR B B
SR FH SCHR[2 1106 X R 37 25 RIOBE 2R RN SR AR SC T XL
FHL 3 S5 RO (1) F G T R B T B £, PO HL R
ThAe SRt 4R, XS 4, R K378 A e sl R ik
BT/ (4 ik T A

4
3
5 2
=
B 0
5
B -1
=
& 2
-3
-4
=5
0 05 10 15 20 25 30
R fi/rad
(a) W BRI 1] 90.50 s
4 .
Py
3 1. Pc[II
o,
= T
(=9
. 4
B 0P o :
g LA i
2 I/ ~p
B L0 .
& i ; Pan
e
-4

0 05 10 15 20 25 30
STl S rad
(b) i BRI 1E)250.51 s
B 11 FIhAfr sk

Fig. 11 Equivalent angle characteristic curve

RIS HI SRR (21155 088, 7,=0.50 s IFf &
Gl SR H N 55468, Ty, 09 0.126, FIE R
giteE, AT REIRE: 1 =051s M H N
5.768 s, T, 4 0.091, FI5E RGRE, AbT MK
WRE, RGMRFIRFA . KR A SO RO,
t,=0.50s I RS E H 79 6.334s, TN
0.002, HIE RGiAE, AT mMRARE: ¢ =051s
I H, .. N 6.588s, T, ~-0.038, HIERGKE,
A TEERmNEARE, RGTReE RN, it i
AT 73 b T R RCERL 7 1) 3 S BRI AN R 22
FFYAIE T AT R R S5 R0 5 PR TR R HET I

R BB UE AR SO DT VAR AT SN, d
MU DFIG #ois, b im i % X i g i 30E D)
Fa R0 100 MWL 300 MW, 600 MW, FH4H
N B AE XML S B e KB IE R A
5.88%- 17.65%- 35.29%. fEA[A X HLIBE R it
TGRSR EER], P RWNER 2 Fros. H
2 wlEL #HREIR A SCER2 1IN0, &
GAEANFNSER AR AIEOL, A SO X
W5 M T, FIFa bR 7 15 R HETR T R 4t
e s, HRERFMEEN TSI MiaE%e
L. BEAh, HRZE R rrl . BEE BECR S
B B E R AW S, NEBEAN RFEEYE
Vi ka e r g2 m B 9E B 1

2 TEINEESEETREEMELER

Table 2 Stability early warning results under different

wind power penetration rates
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