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Fig.1 Flowchart of damping ratio sensitivity calculation
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Fig.2 Flowchart of determining photovoltaic access mode
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Table 1 Oscillation parameters of electromechanical

oscillation mode

X FAIEAE BHELL /% % / Hz
1 -0.24+j3.370 7.1489 0.54
2 -0.23+j5.264 4.4354 0.84
3 -0.28+j5.930 47115 0.94
4 -0.31£j6.540 4.6977 1.04
5 -0.29+j7.280 3.9672 1.16
6 -0.33+j8.130 4.1125 1.29
7 -0.50+j8.390 59514 1.34
8 -0.40+j8.630 4.5812 1.37
9 -0.68 +j8.620 7.8140 1.38
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Table 2 Mean damping ratio sensitivity of
Mode 5 to each node

A RS B2 Lo R % 3494
3 PR D 6.640x107
20 B 5 ~3.450x10°6
23 1 faf 7 1 —2.620x1076
24 UIRCIREDEY —9.840x107°
26 IR EDE 4.610x10°°
30 K HLHILTY S, -3.870x10°°
31 R HLAILTY A -2.000x10°8
33 R HAL A ~1.107x10°
35 R HLAILT A 5.140x107°
39 1 fof B A HLBL T 05, 7.600x107
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Table 3 Mean damping ratios of Mode 5 obtained

after photovoltaic respectively accessed to each node

A FRJE EEIAHE / % R FRJE LI / %
3 3.9739 30 3.9599
20 3.9665 31 3.9671
23 3.9668 33 3.9562
24 3.9578 35 3.9734
26 3.9724 39 3.9679
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Table 4 Mean damping ratio sensitivity of

Mode 5 under different operating modes

. BUE iU

'“ RV EN SIEY
3 9.520x107° 2.950x107°
20 -3.040x107° 5.960x10°
23 5.810x10°° 1.140x10°
24 9.900x107” 4.650x10°°
26 -1.083%x107 2.690x10°
30 3.670x107° -6.050x107°
31 -2.800x1077 1.320x107°
33 1.590x107° -1.150x10"°
35 -3.150x107¢ -7.190x107¢
39 -3.400x1077 5.070x107°
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Table 5 Mean damping ratio of system weak damping

oscillation mode under different access schemes

ES 355 BELJE Ak 9 A5 FHJE HH 1 / %
1 5 4.1134
2 5 4.1572
3 5 4.1616
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Table 6 Average value of damping ratio before

and after photovoltaic accessed

e BELJE LY / %

i ara—. -
AT NG
1 13.4357 13.4265
2 10.0194 10.0194
3 43230 5.743 1
4 2.9697 4.1073
5 2.8949 40158
6 45861 5.4569
7 3.8062 43458
8 3.5629 45718
9 16.3013 16.3004
10 3.4891 47834
11 3.2533 4.0026
12 45161 6.0147
13 9.5654 9.8247
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Analysis and application of small disturbance stability sensitivity of
photovoltaic accessed system
MA Yanfeng',JING Xue',ZHAO Shugiang',ZHENG Liwen', WANG Zijian',DONG Ling2
(1. Key Laboratory of Distributed Energy Storage and Microgrid of Hebei Province,North China Electric Power University,
Baoding 071003, China;2. State Grid Qinghai Electric Power Company,Xining 810008, China)
Abstract: Aiming at the impact of photovoltaic integration on system small disturbance stability, a solving
method of damping ratio sensitivity based on random response surface method and perturbation method is
proposed. The random excitation of photovoltaic output fluctuation is taken as the perturbation, and the
damping ratio sensitivities are solved with photovoltaic accessed to grid on different nodes by the perturba-
tion method. The optimum photovoltaic accessed node is selected according to the damping ratio sensitivity,
the access location and capacity of photovoltaic power generation are determined through optimization method,
and the optimum access mode of photovoltaic power generation is obtained. New England 10-generator 39-bus
system and an actual power system in a western province are taken for examples,which verifies the effec-
tiveness of the proposed method.
Key words: electric power systems; stochastic response surface method ; perturbation method; damping ratio

sensitivity ;small disturbance stability ; photovoltaic access mode
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*AL EHEHNAEARNEE
Table A1 PV installed capacity of each node

JeREHL A E/MW
Rl REl=SEA
FE2 HE3
3 BT R 18.75 20
20 7 3.15 0
23 BT T R 36.64 40
24 B A 19 1 42.89 50
26 BT R 453 10
30 KRBT R 11.21 0
31 RN A 17.09 20
33 KRBT 16.32 20
35 RN A 33.27 30
39 BRI B I FIALT 16.15 10
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Fig.A2 Power system in a western province

*® A2 ARRERNRFIEERTZSH

Table A2 Oscillation parameters of electromechanical mode of power system in a western province

B LR ARIEN FHLJe tb/% Bl Hz
1 -0.359 300 T j2.174 635 134357 0.350 796
2 -0.379 841 % j2.801 460 10.0194 0.449 946
3 -0.361 585 T j3.500 687 43230 0.574 366
4 -0.430 014 T j4.474 903 2.9697 0.715 484
5 -0.250 012 T j5.445 775 2.8949 0.867 635
6 -0.255 003 T j5.893 277 45861 0.938 822
7 -0.290 481 ¥ j6.425 507 3.806 2 1.023 696
8 -0.250 001 T j6.563 449 35629 1.045 363
9 -0.250 006 £ j7.012 566 16.301 3 1.116 794
10 -0.251 677 T j7.208 825 3.4891 1.148 019
1 -0.250 028-j7.681 264 3.2533 1.223 159
12 -0.250 000 + 8.414 542 45161 1.339 807
13 -0.250 000 ¥ j8.632 338 9.565 4 1.374 455

®A3 BLRHARENSE
Table A3 PV installed capacity of each node

WAL RRIENERMW | WA RRIEIE RMW

1 2650 18 870
4 1880 25 30
5 910 29 110

10 1290
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