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Fig.1 Two-area interconnected power system with DC
outside area and its frequency response model
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Fig.2 Comparison of simulative value and analytical

value of inter-area tie-line power oscillation
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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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Table D1 Dynamic initial parameters of generator

ZH Gi G2 Gs Gs  JRTE[H
Hi 5 5 9 9 3-9
Ri 0.3 0.3 0.3 0.3 0.15-0.40
Tri 7 7 7 7 6-13
Fri 0.04 0.04 0.04 0.04 0.04-0.1
Mz E

K E1—E3 05 3.1 W3 X iR 5 X RS 2 ) R L e BT S R BUE . EH: ema NIRK
MXHRZ A 208 MAPE AP ERHRZ T 0 8 A NEL A FTE XA G F B SMEE I 24

Hi 18 E1-E3 MR ZEXS AT LAE Y, SO7 RS R, ATl 7 %0t 5545 1) emax 5 MAPE K/
EHIZIL, JFHAKI emax 5 MAPE BJ/NT 1%, K emac 5 MAPE 7351045 2.92% 5 2.26%, [A[it,
AP A BT % A AR AR R R RS R, RN B B & etk . 3 —22 5 SFR-ASI J5ik K&
REF-ASI iR LE Rl AL, BREGASIRIRAL, AN SR MERTE R IRIR T, $aArks iR 171 67%, &
ZIRTF 99.47%. X T AR, S ITEGAIRME, AR SRR A IR 2 A R AL o
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Fig. E2 Analysis and comparison of safety indicators of the maximum change rate valve of areal frequency
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Fig. E3  Analysis and comparison of safety indicators of inter-areal tie-line power
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Table F1  Dynamic parameter of generator

ML % KW BE2 H R Tr Fr Xd’

G16—G2o U 15 453 0.04 8.0 034 03468
G1. Go/Gs. Ge Uzo 1/2 3.65 0.04 7.0 033  0.1659

G2s—Gao Uso 22 454 0.05 8.5 029 02361
Ga. Gu/Gr. Gg U7s 1/2 5.94 0.05 9.0 0.28 03416

Go—Gu1 U100 7 4.08 0.05 10.5 0.25 0.3337
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G21/G22/Garv Gzz Uiss  15/16/23  6.06 0.05 9.5 030 04133
G1—Gus U200 13 6.19 0.04 11.0 027  0.3342
Ga4/Gss W00 11/19 3.25 0.035
G15/G33 Usso 14/23 510 0.05 12.0 032 02809
G23/G24 Ua0o 18/21 571 0.05 115 030 0.1606

7 WL G36—GT70 1IE)A S HC HHIH G3—GT0 A .
®F2 H AN S R 2
Table F2 Intraday hourly load factor
1 0.0379 9 0.0614 17 0
2 0.0340 10 0.0684 18 0.1168
3 0.0632 11 0 19 0.0635
4 0.0260 12 0 20 0.0449
5 0.0249 13 0.0930 21 0
6 0.0477 14 0.0681 22 0
7 0.0439 15 0.1112 23 0
8 0.0600 16 0.0351 24 0
TE: TR 25—48 BN AU R ACS TR 124 M1
®F3 AT R
Table F3  Bus load factor
WE o ORM | MBS RE | MB A&
1 00322 9 00437 | 17  0.0482
200302 | 10 00477 | 18  0.0482
3 00291 | 11 00497 | 19  0.0467
4 00281 | 12 0.0503 | 20  0.0462
5 00281 | 13  0.0497 | 21  0.0462
6 00201 | 14 00503 | 22  0.0467
7 00322 | 15 00503 | 23  0.0437
8 00382 | 16 00487 | 24  0.0362
1000
/ ] ; -
G35 _G69 / S_ 800+
J - FS L
7 X 600f
G70 1T & |
1 B P
x|
200
10 15 20 25 0 10 15 20 25
i Bt i Bt/
B F2 P U T 2 0 Bl F3 H Py B 2k dinik D2 v &
Intraday wind power forecast Fig. F3 Intraday tie-line transmission power plan
®F4 BMERAE R EL
Table F4  Linear optimization cut coefficient
AL E c® c® c® c® c® R?
f/mdir  138E-5 8.21E-6 170E-2 -1.25E-4 -2.93E-2  0.993
fr 411E-6  597E-6 1.20E-2 -1.01E-4 -2.18E-2  0.989
frrocor  1.48E-4 0 0 0 -4.97E-2  0.954
ffocf  170E-5  2.78E-6  7.42E-3 -1.26E-5 -2.20E-2  0.984
£ 0 4.76E-6 0 0 -L10E-2  0.999
£ 0 3.29E-6 0 0 -8.56E-3  0.999
-APS J198E-2 -1.16E-3  -3.35 0 11.0 0.990
~ARf; 0 2.64E-3 0 0 6.10 0.999

7: R2(goodness of fit) A4l & R EE, RALSL A TR (BFir 18k 4T).
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Fig. G1  Unit start-stop situation of four schemes in Area 1
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