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Fig.1 Equivalent circuit for harmonic analysis
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Fig.2 Flowchart of proposed method
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among four methods when p is 7
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Table 1 Estimation results of system-side harmonic

impedance with four methods
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TR Bk k2 3

1 3.001+j4.002 2.550+j3.386 1.914+j2.199 2.223+j3.140
2 3.038+j4.017 2.350+j3.366 4.005+j0.589 2.791+j2.850
3 3.006+j4.012 2.515+{3.631 3.049+{3.580 2.753+3.437
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Table 2 Estimation results of system-side harmonic
impedance at PCC of benchmark test system

L YGEIER G T 13 UGB R G E I B b

PE M0 E%  WHE/Q B/ %
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2 49.05+j16.89 13.97 56.03+j7.39 64.84
3 56.59+j6.87 9.29 60.52-j15.56 36.62
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Table 3 Comparison of variance of system-side

harmonic estimation value among four methods
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System-side harmonic impedance estimation method based on minimum
impedance deviation criterion and improved adaptive bat algorithm
CHENG Weijian',LIN Shunfu',XU Liangfeng', LIU Chitao*, LI Dongdong',FU Yang'

(1. College of Electrical Engineering,Shanghai University of Electric Power,Shanghai 200090, China;

2. Qingpu Power Supply Company of State Gird Shanghai Municipal Electric Power Company,Shanghai 201700, China)
Abstract: Aiming at the problem that the existing system-side harmonic impedance estimation methods are
sensitive to the background harmonic fluctuation,a novel system-side harmonic impedance estimation method
is proposed. Based on the minimum impedance deviation criterion and the improved adaptive bat algorithm,
the optimal initial value of the system-side harmonic impedance is obtained,so as to get the estimation value
of background harmonic voltage which is close to the real value. K-means cluster analysis is carried out on
the estimation value of background harmonic voltage,and based on the clustering results the harmonic sample
data is divided into multiple clusters, so that the background harmonic fluctuation corresponding to each
cluster data is reduced. Considering that the harmonic data are all complex phasors, the complex least
square method is used to obtain the estimation value of system-side harmonic impedance in each cluster,
and the mean value of them is taken as the final estimation value. Compared with the existing methods,
the proposed method can better adapt to the change of background harmonic fluctuation, and has better
estimation accuracy when the user-side harmonic impedance is not much greater than the system-side har-
monic impedance. Several examples verify the effectiveness and applicability of the proposed method.

Key words: system-side harmonic impedance; background harmonic; minimum impedance deviation criterion;

improved adaptive bat algorithm;clustering algorithms
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Unit commitment considering safety constraints of frequency and inter-areal
tie-line power in two-area interconnected power system
SHEN Jiakai',LIU Yang’,LI Weidong',GU Taiyu’,BA Yu',WANG Haixia'
(1. School of Electrical Engineering,Dalian University of Technology,Dalian 116024, China;
2. Northeast Branch of State Grid Corporation of China,Shenyang 110180, China;

3. Electric Power Research Institute of State Grid Liaoning Electric Power Co.,Ltd.,Shenyang 110006, China)
Abstract: With the transformation of the power generation structure and the power grid form, the spatial-
temporal characteristics of frequency in interconnected power systems have become prominent,the areal fre-
quency differences and ITP (Inter-area Tie-line Power) oscillation have increased, where the unit commit-
ment with frequency safety constraint based on the unified frequency assumption is no longer applicable.
For considering the spatial-temporal characteristics in the safety constrained unit commitment of two-area
interconnected power system,the closed-form solutions of areal frequency and ITP are derived. Then,a series
of analytic safety indicators such as the nadir value, maximum rate value, quasi-steady-state value of areal
frequency, and the peak value, quasi-steady-state value of ITP are deduced based on the two-terms division
of closed-form solutions. Moreover, based on the obtained indicators,the unit commitment model with safety
constraints about areal frequency and ITP is established. And based on the scheduling modes and indica-
tor characteristics, the two-level two-stage iterative solution algorithm giving consideration to areal capacity
guarantee and interval capacity coordination is proposed. Results show that the proposed indicators can
accurately describe the safety characteristics of two-area interconnected power system, and the proposed
model and algorithm can effectively guarantee the operation safety of the unit commitment scheme in two-
area interconnected power system.

Key words: interconnected power system; frequency safety; inter-areal tie-lie power safety; analytic safety

quantitative indicators;unit commitment
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