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Fig.1 Parallelogram model
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Fig.2 Comparison of interval distribution of node voltage
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Interval power flow calculation with improved scenario optimization method

considering correlation of variables
CHEN Yuxin',JIANG Yuewen'?

(1. College of Electrical Engineering and Automation, Fuzhou University, Fuzhou 350108, China;
2. Fujian Smart Electrical Engineering Technology Research Center,Fuzhou 350108, China)

Abstract: The uncertainty of renewable energy output and load fluctuation increases the uncertainty of power
system operation state,for which,a nonlinear optimization method of interval power flow scenario considering
the correlation of interval variables is proposed. The correlation of interval variables is represented by con-
structing uncertain parallelogram area. Aiming at the problem of repeated calculation caused by scenario opti-
mization method, the state variables with the same trend are classified and calculated by comparing the
positive and negative sensitivity of node voltage to node power. The results of example analysis show that
the proposed method can accurately calculate the interval boundary, effectively reduce the optimization
times and improve the calculation efficiency.

Key words:interval power flow;interval correlation ;sensitivity ;nonlinear optimization ;parallelogram model
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Diagnosis method for rotor fault of induced draft fan based on
improved SSD-Teager time-frequency analysis
TANG Guiji',SUN Junke"?*, WANG Xiaolong', WU Xiaolin’,ZHOU Fucheng',
CUI Yanting’,WU Tao’>,XU Jiarui’
(1. Hebei Key Laboratory of Electric Machinery Health Maintenance & Failure Prevention,Department of Mechanical
Engineering, North China Electric Power University, Baoding 071003, China;
2. Institute of Thermal Power Technology,China Datang Corporation Science and
Technology Research Institute, Beijing 100040, China)
Abstract:In order to adaptively determine the singular spectrum component number during signal processing
of SSD (Singular Spectrum Decomposition),and realize the automatic signal decomposition processing, the
iteration stop condition of SSD is improved by fusing the mutual information criterion. Then,combined with
the excellent time-frequency resolution capability and the signal feature tracking trait of Teager energy opera-
tor demodulation,the induced draft fan rotor fault diagnosis method based on improved SSD-Teager time fre-
quency analysis is proposed. The ability for processing multi-component signal with noise of the proposed
method is verified by the simulation signal analysis, and the practicability of the proposed method is also
verified by the field measured vibration signal of the rotor induced draft fan misalignment fault. The results
show that the proposed method can accurately present the whole time-frequency characteristics of the signal,
and the analysis effect is much better than the traditional Hilbert-Huang transform method.

Key words:induced draft fan rotor;fault diagnosis;improved SSD;Teager time-frequency analysis
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Table C1 Error of voltage magnitude interval for PQ nodes in IEEE 39-bus system

%% CLIEEE 39 T =A% PQ TR EREXEIRE

TR TRIRE TRIRE T TRIRE FRiRE
1 0 0 16 7.1712x10° 2.0632x10™
2 0 0 17 9.042 8x10® 2.5447x10™
3 7.2735%x10° 9.048 7x10* 18 8.956 7x10® 4590 6x10™
4 4153 1x10°® 9.396 3x10* 19 0 0
5 8.169 2x10°® 5.6531x10® 20 7.663 3x10°® 2179 2x10*
6 8.146 7x10°® 1.485 8x10° 21 7.318 3x10°® 8.821 0x10°
7 8.258 5x10°® 5528 2x10°® 22 9.298 5x10°® 7.100 9x10°
8 8.270 3x10°® 6.079 4x10° 23 9.328 2x10® 1.4255x10™
9 7.964 7x10°® 4187 9x10® 24 7.2313%10® 1.407 5x10™
10 8.009 3x10°® 5561 3x10°® 25 3.079 4x10® 3.084 8x10°
1 8.065 2x10°® 3258 5x10°® 26 9.027 8x10°® 1.693 0x10™
12 8.182 5x10°® 5.376 0x10° 27 7.1119x10° 1.2433x10™
13 8.0429x10® 6.692 8x10° 28 9.210 0x10°® 6.428 0x10™
14 4.445 4x10°® 9.7838x10* 29 6.452 1x10® 3.928 4x10°
15 6.9719x10® 4292 7x10*

F: REMARLE, BE.
& C2 IEEE 39 i m &%t PQ. PV PR BEEMRARXEIRE
Table C2 Error of voltage angle interval for PQ and PV nodes in IEEE 39-bus system

TR TRIRE TRIRE 5 TRIRE FRiRE
1 1.859 7x10° 5.171 6x10° 20 1.869 1x10° 1.228 5x10°®
2 1.454 6x10° 2.466 2x10° 21 1.963 0x10°® 7.754 1x10°
3 1.534 9x10° 1.928 710 22 2.207 1x10°® 9.923 3x107
4 1.3915x10° 5392 2x10°® 23 2.3351x10® 2.3336x10°
5 1.107 5x10° 9.7530x10°® 24 1.821 2x10° 9.639 4x10°
6 1.051 2x10°® 9.410 1x10°® 25 2.206 7<10° 1.593 9x10°®
7 1.051 0x<10°® 1.912 210 26 1.838 5%10°® 1.607 1x10°®
8 1.056 6x10°° 3.767 210" 27 1.593 7x10°® 1.942 7x10°°
9 2.076 7x<10° 7.324 0x10° 28 1.928 3x10°® 1.161 6x10°
10 1.356 4x10°® 1.903 9x<10°® 29 2.1610x10°® 9.705 4x107
1 1.252 3x10°® 4.4745X10° 30 1.599 9x10°® 1.934 4x10°®
12 1.3311x10° 4.064 6107 32 2.158 3x10°® 3.383 1x10°
13 1.374 8x10°® 3.664 2x10° 33 2.478 7<10° 8.351 7107
14 1.422 910°® 3.908 6x10° 34 2.3315x10° 8.855 3107
15 1.913 0x<10°® 2.289 2x10°® 35 2.886 710° 7.638 7107
16 1.661 4x10°° 1.7375%10° 36 3.465 7x10° 6.775 6x107
17 1.633 910 1.070 1x10°® 37 3.031 6x<10° 9.693 4107
18 1.629 610 2.008 3x10°® 38 3.158 8x10°® 6.847 7107
19 1.940 1<10°® 1.135 3x10° 39 1.810 8x10°® 4,545 8107
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#< D1 IEEE 14 TS &% PQ TR EEIRE D LKL
Table D1 Classification results of voltage magnitude for PQ nodes in IEEE 14-bus system

P BETR
1 4, 5,7, 12
2 911
3 13, 14

7 D2 |EEE 30 Hi R4t PQ T mHBEIRES LR
Table D2 Classification results of voltage magnitude of PQ nodes in IEEE 30-bus system

PAES BETA
1 3-8, 2830
2 9, 11
3 10, 21
4 12, 14
5 15, 16
6 17—20
7 2426

% D3 IEEE 57 A A% PQ S ERES LER
Table D3 Classification results of voltage magnitude of PQ nodes in IEEE 57-bus system

poES BETR
1 4, 5, 7, 11, 13—18, 21—25, 27—44, 46, 48—50, 52—54
2 10, 51
3 19
4 20, 47
5 26, 56
6 45
7 55
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Table D4 Classification results of voltage magnitude of PQ nodes in IEEE 118-bus system

PoES BETR
1 2, 3, 7, 28, 33, 35, 37, 47, 48, 60, 64, 68, 71, 75, 78, 79, 86, 98, 106, 114, 115, 117, 118
2 5
3 9, 81
4 11, 13
5 14
6 16
7 17
8 20—22
9 23
10 29
11 30
12 38
13 39
14 41
15 43—45
16 50—53, 57, 58, 67
17 63
18 82—84, 94—97
19 88
20 93
21 101, 102
22 108, 109
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Fig.E1 Scenes of voltage angle of Bus 3 under different negative correlation coefficients
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