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Abstract: With large-scale grid-connection of such new en-
ergy as wind power and so on, the subsynchronous oscillation
will be even more prominent in the future, so it is urgently need
to establish a new-type of subsynchronous oscillation monitor-
ing system. For this reason, relevant research on the subsyn-
chronous oscillation monitoring device, i.e., the subsynchron-
ous phasor measurement unit (abbr. SPMU), has been conduc-
ted by Chinese scholars, and on this basis, how to economic-
ally and efficiently enact a configuration plan of SPMU be-
comes the first question in the construction of subsynchronous
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oscillation monitoring system. Based on the frequency-coupled
impedance model of wind turbine units, a monitoring critical
degree evaluation system, in which the differences among im-
portance of evaluation indices and the probability of occur-
rence of oscillation under operating condition were taken into
account, was proposed. Considering the situation that during
the installation and configuration of SPMU there were often the
multi-stage installation, a multi-stage optimal configuration
model for SPMU, in which the nodal monitoring critical de-
gree was taken into account, was constructed. Finally, the integ-
ral linear programming was utilized to solve the multi-stage op-
timal configuration scheme. Both accuracy and economy of the
proposed indices and algorithm are verified by simulation res-
ults of ERCOT system in Texas, USA, and the modified New
England 39 bus system.

Keywords: wind power; subsynchronous oscillation; monit-

oring system; monitoring critical index; evaluation system;

multi-stage optimal placement configuration
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Fig. 1 Flowchart of the multi-stage optimal configuration

3 &5

A SR 25 B A5 e 57 Wi M ERCOT R4 .
) New England 39 7 55 R G50k i 2 8L (1A
Ve I 20
3.1 ERCOT &%

SEAF) 1T 3% E A 5 5 ) ERCOT R 4t

AR F7,2023,40(1)

7E PSCAD/EMTDC - S5 8 T £ G i HL B 8 A%
B3 SR 5 v FR A . BELJE 52 48 A 1) HE
PEVEATIRE . RGEF AN NE 2 FiR . K
WF1~WF5 XL &8N 5R 1 i, 25 K 3 KUk
8m/s, T 5. 6 [H] [ R AME AR M A
25%. ARG R A BHPTE S HA ] ]
FELR I 5-8 Wik iy T80 N & kAR R AIR S (R
GRS 2=0.70 + j162.55).

WE2 WF1

WE3 3 %%? 2 1

5o

B2 ERCOT X RS
Fig.2 ERCOT wind power system

D

@8 @2

= ]

x1 BREZXEH

Table 1 The amount of wind turbine generators in each

wind farm
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WF1 250 WF4 360
WEF2 320 WF5 320
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Table 2 Oscillation current and observability index of
each branch

B IRGHIVA  ADUHEERS (DFED) ADUEARR (BE)

WFI-LI  12.9092 0.0122 0.0122
L1-2 95.15 0.0897 0.0892
WF2-L2  34.04 0.0321 0.0322
L2-3 314 0.0296 0.0299
WF3-L3 3925 0.0370 0.0372
L3-4 56.32 0.0531 0.0529
WF4-L4  47.18 0.0445 0.0447
L4-5 98.48 0.0928 0.0926
WF5-L5  49.92 0.0470 0.0472
L2-5 92.9 0.0875 0.0872
L5-6 232.94 0.2195 0.2191
L6-2 87.99 0.0829 0.0827
GI-L6 18271 0.1722 0.1729
L6-7 0 0.0000 0.0000
G2-L7 0 0.0000 0.0000
L7-8 0 0.0000 0.0000
G3-L8 0 0.0000 0.0000
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Fig. 3 Oscillation current waveform
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Fig. 4 The modified New England 39-bus system
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Table 3 Setting for typical working condition

TRA  TEB  TEC
B B/ (/s) 7 8 9

e e ®
20 30 35

WF1 205 260 310

WF2 185 240 290

WF3 210 260 310

WF4 175 230 280

RAHLE 8/ & WF5 190 245 295
WF6 170 225 275

WF7 180 235 285

WFS8 200 255 305

WF9 195 260 300
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PEIL R 4, MR 33) 15 B F R s R
SPMU 4 AlIHRALBC B 5 % OF, OF= {8, 13, 16,
18, 20, 23, 25, 27, 29}.
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0.08 L Table 4 Reliability of each line
B o Rmbkg Zuwitkgk R, Embkg Zwitkgk R,
= 006}
z 1 2 0.993 8 14 15 0.993 6
e
e 0.04 - 1 39 0.991 4 15 16 0.992 0
0.02 | 2 30 0.994 5 16 17 0.996 1
2 25 0.995 0 16 19 0.992 7
2 3 0.996 5 16 21 0.993 2
05 3 4 0.990 6 16 24 0.992 7
3 18 0.995 5 17 18 0.989 8
=04t
B 4 14 0.990 3 17 27 0.996 9
w03 4 5 0.996 8 19 33 0.995 6
s
= 02¢ 5 8 0.990 5 19 20 0.991 4
6 11 0.996 0 20 34 0.990 9
6 7 0.991 8 21 22 0.994 6
6 5 0.996 4 22 35 0.993 3
6 31 0.990 1 22 23 0.992 3
7 8 0.996 9 23 36 0.990 9
{LP(
§ . 8 9 0.993 5 23 24 0.996 9
*EE 9 39 0.996 9 25 37 0.9917
0. 10 32 0.993 2 25 26 0.996 6
10 11 0.994 5 26 29 0.991 2
T T 10 13 0.994 2 26 28 0.997 0
It ) 12 11 0.996 7 26 27 0.993 6
5 RGIRFGAMMEIEIR. HEZMEEEIR. M=% 12 13 0.9937 28 29 0.9910
BEIER 13 14 0.995 6 29 38 0.994 8

Fig.5 Observability index of system oscillation, damping
incidence index and monitoring critical degree index
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