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Error analysis of the dynamic order reduction approach for specific mode in large-scale systems

LI Kui-kui', WANG Ke-wen', QIU Lei', ZHANG Li-miao’
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Abstract: Error analysis for the dynamic order reduction in large-scale power system is extended to eigenvalue sensitivity. From the
specific algorithm of dynamic order reduction with special mode, the analytical expression of eigenvalue sensitivities for
reduced-order system is determined with eigenvectors. In order to reduce the computational error, complex equations of
reduced-order model caused by the complex eigenvalue are transformed to the real form which is in favor of programming
realization. Computation for eigenvalue sensitivities in reduced-order system is achieved by using the derived equations. The
computational sensitivity error caused by order reduction is analyzed by comparing with those obtained from the original system. On
a 23-machine testing system with 257 eigenvalues, computational errors of an oscillation mode under different order reduction
degrees are comparatively analyzed. The achieved results can be used for reference for the selection of order reduction degree in
application.
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Tab.1 Part electromechanical modes

(52N a B 3

196 —0.550 191 749 7.687 357 840 0.071 388 375
204 —0.463 988 449 8.098 533 441 0.057 199 097
222 —0.388 977 556 8.001 117 902 0.048 558 053
226 —0.362 500 130 7.181 363 324 0.050413 712

254 —0.063 385 773 5.197 105 896 0.012 195453
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Tab.2 Sensitivities of real part of A2s4 under different reduced order numbers

Gpssi Gpsss Gpsss Gpss2
o) —1.040061681898821E-002  —1.036063527287254E-002  1.37831127109318  19.0060469813919
45 (48) —9.739676340769643E-003  —9.644006817209260E-003  1.50933005642011  20.6614277172526
8H (92) —1.003867496712614E-002  —9.739652112354622E-003  1.51401988128844  20.5916793731196
145 (159 —1.020286602540506E-002  —9.320548188640296E-003  1.41265994549916  19.2155167762192
17 & (192 —1.023649274373198E-002  —9.780842954178935E-003  1.39129093639889  19.0346832893153
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Tab.3 Errors of sensitivities for real part of A25¢ under different reduced order numbers

Gpsss

Gpsss

Gpssn

Gpssi
45 (48 —6.3548200E-2
8 & (92) —3.4800037E-2
14 4 (159 —1.9013372E-2
17 & (192) —1.5780225E-2

—6.9168389E-2
—5.9936784E-2
—5.7863375E-2

—5.5961078E-2

9.5057472E-2
9.8460060E-2
2.4920840E-2

9.4170784E-3

8.7097582E-2
8.3427784E-2
1.1021218E-2

1.5066946E-3
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Tab.4 Errors of sensitivities for imaginary part of A254 under different reduced order numbers

Gpsss

Gpsss

Gpssz

Gpssi
44 (48) —9.6165844E-2
8 & (92) —9.9659391E-2
14 & (159) —2.8809106E-2

176 (192)

—1.1420996E-2

—8.3676832E-2
—8.9911631E-2
—2.2003576E-2
—8.5699972E-3

—5.6929349E-2
—5.4239939E-2
8.9417883E-3
8.0901295E-3

—0.1315109024
—9.7142912E-2
—4.5378910E-2
—2.4731904E-2
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Tab.5 Errors of sensitivity for real part of A196 under different
reduced orders

Gpsss Gpssii Gpssi2
36 (36) —5.8733429E-2  7.0697927E-2  —4.2214737E-2
76 (82) —5.1626763E-2  7.0057924E-2  —1.4121852E-2
124 (136) —3.1180356E-2  4.5829088E-2  —5.0901628E-3
18 & (202 —2.3840349E-2  1.2798642E-2  —2.2786715E-3
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Tab.6 Errors of sensitivity for imaginary part of A196 under

different reduced orders

Ghpsss Gpssii Grssin
36 (36) 0.364 349543  4.6331930E-2 0.101 569 66
76 (82) 0.147 940 107 2.4193264E-2  8.5339819E-2
124 (136) 3.434 7327E-2  5.9277242E-3  3.3180937E-2
18 &5 (202) 2.5941790E-2  5.3436062E-3  9.9602337E-3
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