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Small Signal Stability Analysis of Wind Power Generation Participating

in Primary Frequency Regulation
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ABSTRACT: The effect of wind power system which
participated in grid primary frequency regulation on power
system stability was analyzed, a small signal stability analysis
mathematical model of single machine infinite system base on
directly driven permanent magnet wind power system was
established. According to wind speed variation, under rated
wind speed, wind power system was controlled by maximum
power point tracking (MPPT) scheme, wind power system
maximum output power was realized; above rated wind speed,
constant power control scheme was adopted, system safe
operation was guaranteed. Eigenvalues variation with wind
speed change was researched when load dynamic model
considered, the result shows power system can keep small
signal stability in whole wind speed variation section. On
theory analysis basis, time domain simulation was performed
and theory analysis correctness was tested. Simulation result
shows wind power system can participate in grid primary
frequency regulation and effectively improve grid frequency
characteristics, which provides useful theory reference for
stable and safe connected operation of direct-driven wind

power system.
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Fig. 1 Dual converters control structure considering frequency control
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Fig.2 Frequency control model
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Tab.1 Eigenvalues variation when change wind speed under rated wind speed

KUK 4 m/s NIE 6 m/s KK 8 m/s

M 9 m/s MH 10 m/s M 11 m/s

—6.109+j9 420.806
—6.109—j9 420.806

—6.742+]9 446.658
—6.742-j9 446.658

—7.964+)9 496.452
—7.964-j9 496.452

—8.849 +j9 532.556
—8.849—j9 532.556

—9.944+j9 577.205
—9.944-j9 577.205

—11.214+9 629.033
—11.214-j9 629.033

—12.761+j86.843 —17.823+j90.233 —22.214+j94.644 —24.163+j97.243 —25.964+j100.062 —27.563+j103.110
—12.761-j86.843 —17.823-90.233 —22.214-94.644 —24.163-j97.243 —25.964-j100.062 —27.563—-103.110
—23.457 —20.088 —18.640 -16.763 —14.356 —14.225

—12.157 —-13.324 —-14.625 —15.698 -16.590 —17.435

-3.147 -5.156 —7.411 -9.842 —11.939 —13.839
—-17.384 —-18.061 -18.751 -19.453 -20.168 —-20.897
-10.592 -10.592 -10.592 -10.592 -10.592 -10.592
—-13.236 —-13.231 —-13.227 -13.218 —13.206 —-13.195

F2 BEREUERXETLAFFIEER T
Tab.2 Eigenvalues variation when change wind speed above rated wind speed
MK 12 m/s A 14 m/s JAGH 15 m/s N 16 m/s N 17 m/s K 18 m/s

—11.244+9 630.279
—11.244-j9 630.279
—4.465+j698.379
—4.465-j698.379
—15.465+j112.697
—15.465-j112.697

—11.245+j9 630.307
—11.245-j9 630.307
—15.148+j912.656
—15.148-j912.656
—15.1314j113.269
—15.131-j113.269

—11.245+j9 630.308
—11.245-j9 630.308
-20.677+j1 016.430
—20.677-j1 016.430
—15.099+113.313
—-15.099-j113.313

—11.245+j9 630.327
—11.245-j9 630.327
—26.428+j1 124.500
—26.428-j1 124.500
—14.912+j113.689
—14.912—j113.689

—11.245+j9 630.326
—11.245-j9 630.326
—32.459+j1 229.301
—32.459-j1 229.301
—14.922+j113.659
—14.922-j113.659

—11.245+j9 630.303
—11.245-j9 630.303
—38.939+j1 331.226
—38.939-j1 331.226
—15.127+j113.225
—15.127-j113.225

—18.701 —18.560 —18.593 —18.522 —18.528 -18.613
—3.854+j9.131 —3.898+j9.094 —3.900+j9.091 —3.932+j9.065 —-3.929+j9.067 —3.893+4j9.098
—3.854-j9.131 —-3.898-79.094 —3.900-j9.091 —-3.932-79.065 —-3.929-j9.067 —3.893-79.098
—-0.002 -0.002 —-0.002 -0.002 —0.002 -0.002

-18.972 -19.206 -19.442 -19.679 -19.917 -20.157

-10.592 -10.592 -10.592 -10.592 -10.592 -10.592

—132.361 —132.360 —132.359 —132.358 —132.357 —132.356
KUk 19 m/s N 20 m/s KIE 22 m/s KUk 23 m/s WK 24 m/s N 25 m/s

—11.244+j9 630.322
—11.244-9 630.322
—45.415+j1 443.014
—45.415-j1 443.014
—14.946+j113.601
—14.946-j113.601

—11.244+9 630.274
~11.244-j9 630.274
~52.938+j1 542.544
~52.9381 542.544
~15.405+112.659
—15.405-j112.659

~11.242+9 630.210
~11.242-9 630.210
~69.035+1 753.240
~69.035-j1 753.240
~16.021+j111.477
~16.021-j111.477

~18.540 ~18.723 ~18.953
~3.9244{9.072 ~3.845+]9.137 ~3.747+j9.219
~3.924-{9.072 ~3.845-i9.137 ~3.747-i9.219
-0.002 -0.002 -0.002
~20.040 ~20.641 -20.885
~10.592 ~10.592 -10.592
~132.355 ~132.354 ~132.353

~11.241+4{9 630.132
~11.241-§9 630.132
~78.684+j1 852.542
~78.684-j1 852.542
~16.778+{110.135
~16.778-j110.135

—11.242+9 630.223
~11.242-9 630.223
~85.230+j1 985.250
~85.230-j1 985.250
~15.900+111.714
~15.900-j111.714

—11.237+{9 629.985
~11.237-§9 629.985
~99.910+2 058.668
-99.910-j2 058.668
~18.254+{107.801
~18.254-j107.801

-19.215 ~18.906 ~19.675
~3.637+4i9.310 ~3.567+9.202 ~3.446+/9.465
-3.637-j9.310 -3.567-§9.202 ~3.446-79.465
-0.002 -0.002 -0.002

-21.130 -21.377 -21.626
~10.592 ~10.592 ~10.592
~132.352 ~132.352 ~132.351
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