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Fig.1 Flowchart of low-frequency oscillation
characteristics identification and evaluation
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Tab.1 Calculated eigenvalues(normal operation)

B SR HE B WK/ Hz  FJE /%
1 -1.6144 8.8834 1.4138 17.88
2 -0.4528  8.8323 1.4057 5.12
3 -0.3944  7.6991 1.2253 5.11
4 -0.6263  7.2425 1.1526 8.61
5 -1.5773  6.9395 1.1044 22.16
6 -1.1571  6.7494 1.0742 16.89
7 -0.1697  6.7102 1.0679 2.52
8 —04877  6.5944 1.0495 7.37
9 -0.0528 39348  0.6262 1.34
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Fig.3 Theoretical modal chart under
normal operational mode
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Tab.2 Results of electro-mechanical oscillation
parameter identification (off-line)

izt case 1 case 2
i,/ He e /% %%/ /Hz BHJE /%
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Fig.4 Results of modal chart identification(off-line)
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Fig.5 Results of participation factor identification (off-line)
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Tab.3 Results of electro-mechanical oscillation
parameter identification (on-line)

i Wi /Hz, BELJE /%
1 0.8905 3.78
2 0.6896 0.93
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Fig.6 Results of modal chart identification(on-line)
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Tab.4 Calculated eigenvalues
(outage of line 16-17)

Bl SeER HEFR A/ He BB /%

1 -3.7880 10.9651 1.7451 32.65
2 -0.7080 9.4323 1.5012 7.48
3 -0.5532 8.4102 1.3385 6.56
4 -1.6190 7.6984 1.2252 20.58
5 -0.3903 73937 1.1767 5.27
6 -0.3875 6.8585 1.0915 5.64
7 -0.2218 6.6541 1.0590 3.33
8 -0.1117 5.4997 0.8753 2.03
9 -0.0454 3.8593 0.6142 1.17
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Abstract: The system identification theory based on SSI (Stochastic Subspace Identification) algorithm
is researched,a method of electro-mechanical oscillation characteristics identification based on SSI is
designed for power system and a method of participation factor calculation based on response is proposed,
by which the quantitative evaluation of system controllability is realized. The proposed method is applied to
calculate the dynamic angular frequency response of each generator in a system and the system electro-
mechanical oscillation characteristics can be globally analyzed to effectively avoid the defect of traditional
low-frequency oscillation analysis with insufficient information based on single signal. Simulative results of
IEEE 39-bus system show its high identification accuracy and calculation efficiency.
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(1. Engineering Research Centre of Motion Control,Ministry of Education,Southeast University , Nanjing 210096, China;
2. Nanjing Power Supply Corporation, Jiangsu Power Company,Nanjing 210008, China)
Abstract. Photovoltaic modules may operate in mismatch mode because of partial shadow. Because the
duration of partial shadow is normally short,it is proposed to apply the parallel super capacitor to power
compensation. The differential equation model of photovoltaic module with parallel super capacitor is
established ,based on which,its operational features and voltage/power variation characteristics are analyzed.
The contrast results between the proposed super capacitor compensation method and traditional diode
compensation method in compensation mode and operational features show that,the super capacitor
compensation method can improve the characteristics of the photovoltaic system,increase the output voltage
and stable the output power more effectively under short-time partial shadows. Its key issues in practical
application are discussed. The concept of optimal working range and maintenance time is defined and the
way to obtain the matching relationship between super capacitor and maintenance time is proposed.
Key words: photovoltaic modules; photovoltaic cells; mismatch mode; compensation; light intensity;
maintenance time
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