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Fig.1 Equivalent circuit of three-phase
transformer with DC bias
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Fig.2 Equivalent magnetic circuit of three-phase

five-legged transformer
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Fig.3 Exciting current without DC bias and

harmonic distribution

/A

=)

i

050 052 0.54  0.56 0.58  0.60

t/s
------ R pp—
(a) DG HL I
0.6
-
~N
@ 0.3
E
0
0 1 2 3 4 5 6 7
ViRl 2/ €4
mafti,mbtH ocHl
(b) W51

B4 BERNEBI LB R &IE K (/,,=0.298 A)
Fig.4 Exciting current with DC bias(/;,=0.298 A)

and harmonic distribution
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Fig.6 Exciting current without DC bias and

harmonic distribution
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Fig.7 Nonlinear characteristic curve without DC bias
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and harmonic distribution
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Fig.9 Nonlinear characteristic curve with DC bias
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Simulative analysis of three-phase transformer with DC bias
DONG Xia,LIU Zhizhen
(School of Electrical Engineering,Shandong University, Ji’nan 250061, China)
Abstract: An electric circuit-magnetic circuit coupling model is built for three-phase three/five-legged
transformer with DC bias. The magnetic circuit model considers the eddy current loss of transformer,the
topology of magnetic core and the saturation characteristic of core material. The magnetic circuit equations
considering the magnetomotive force caused by eddy current are coupled with the electrical circuit equations
and the nonlinear characteristic curve of core is combined to form the nonlinear equations,which are then
solved for the simulative analysis of DC bias characteristics for three-phase three/five-legged transformer.
Simulative results verify that,the proposed model can correctly analyze the DC bias phenomenon of three-
phase transformer.
Key words: electric transformers; DC bias; saturation characteristic; eddy currents; losses; models
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Small signal stability analysis based on second order perturbation theory

for uncertain power system
MA Jing,PENG Mingfa, WANG Tong, YANG Qixun

(State Key Laboratory for Alternate Electrical Power System with Renewable Energy Sources,
North China Electric Power University, Beijing 102206, China)

Abstract: When multiple operating parameters of power system vary severely,it is difficult to continuously
describe the damping ratio of oscillation mode and system operational states by interval model,for which,a
method of small signal stability analysis based on second order perturbation theory is proposed. The
complex second order perturbation model of oscillation modes under uncertainties is built,based on which,
the variation trajectory of damping ratio is continuously described when the operational state locates in the
uncertainty interval. Simulative results for IEEE 16-generator 68-bus system show that,different operating
parameters have different impacts on the damping ratio of a particular oscillation mode when they vary in
the interval,while a particular operating parameter has different impacts on the damping ratio of different
oscillation modes when it varies in the interval. The proposed method can accurately evaluate the small
signal stability when multiple operating parameters fluctuate greatly.

Key words: low-frequency oscillation; second order perturbation; interval distribution; damping ratio;

electric power systems; stability





