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Research of capacitor switching considering harmonic influence

HAO Fu-zhong, ZHAO Feng, LI Jin-cheng, CUI Hong-mei
(Jiyuan Power Supply Company, Electric Power of Henan, Jiyuan 454650, China)

Abstract: Power capacitor switching affects the harmonics spread in the grid, and even leads to the harmonic amplification and
harmonic resonance. For this problem, we propose the capacitor optimal switching control model which accounts the cost of
capacitor switching as well as the algorithm of the capacitor critical compensation capacity under the influence of the harmonics. The
model can effectively control the action times of the devices and avoid the resonance phenomenon during the capacitor switching
process. This paper proposes a mixed algorithm based on genetic algorithm and TS algorithm, which can speed up the convergence
velocity and reduce the influence of stochastic results. Finally, an 18-bus distribution network is simulated based on the mixed
algorithm, and the simulation results prove that the proposed model is realistic. The strategy and the algorithm proposed have good

real-time ability and practicality.
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Fig.1 Equivalent circuit of power system harmonics after
capacitors is closed
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Fig.2 Response of harmonic currents to capacitors
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Fig.3 Distribution system diagram
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Tab.1 Harmonic currents injected into the system

Rip=d L/pu Is/pu Li/pu I/pu
12 0.02—0.015j 0.03—0.035j 0.03—0.02;j 0.001j
15 0.01—0.01; 0.018—0.014;  0.013—0.01j 0.001
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Tab.2 The operation scheme when harmonic is ignored

= 3 7 12 15 16 18 RAHE

REZE B /kvar 360 290 1610 850 760 540 4410

3 NERIEIK F RS B EFR R

Tab.3 The system loss and harmonic voltage when harmonic is

ignored
" | HD3% | HD5% | HD7% | HD11% | THD% THD%
= (AL H)
1 | 1.0036 | 09205 | 14993 | 0.0187 42 3.63
2 | 10250 | 09404 | 15308 | 00192 429 3.75
3| 10229 | 09383 | 15279 | 00191 428 3.74
4 | 10212 | 09367 | 1.5256 | 0.0191 427 3.74
5 | 10188 | 09345 | 15225 | 00190 426 3.73
6 | 10174 | 09331 | 15204 | 00190 426 372
7 | 10161 | 09319 | 15187 | 00190 425 3.72
8 | 1.0337 | 09485 | 15435 | 0.0193 432 3.79
9 | 10415 | 09562 | 15559 | 0.0194 436 3.84
10 | 1.0495 | 09643 | 15688 | 0.0196 439 3.88
1| 10572 | 09720 | 15811 | 00197 443 3.92
12 | 10535 | 09684 | 15759 | 00196 441 3.91
13 | 10534 | 09683 | 15758 | 0.0196 441 3.91
14 | 10393 | 09535 | 15507 | 0.0194 434 3.82
15 | 1.0381 | 09525 | 15492 | 0.0194 434 3.81
16 | 1.0014 | 09184 | 14963 | 0.0187 4.19 3.62
17 | 10011 | 09181 | 14959 | 00187 4.19 3.62
18 | 10167 | 09324 | 15195 | 00190 425 3.72
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Tab.4 Compensators of selected node
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Tab.5 System loss and harmonic voltage after being optimized

REE 4 i1y
s Wy D% HDS%  HDT%  HDW% .. THD%

1 09822 0.892 4 0.8184 13333 0.0167 0.9829 3.73

2 09713 0.909 1 0.8340 13579 00170 0.9720 38

3 0.968 8 0.907 3 0.8322 13554 0.0169 0.969 5 3.79

4 0.966 9 0.9059 0.8309 1.3535 0.0169 0.967 6 3.79

5 0.964 5 0.9040 0.829 1 1.3510 0.0169 0.9652 3.78

6 0.963 1 0.902 8 0.828 0 1.3494 0.0169 0.963 7 378

7 0.9619 0.9019 0.8271 13481 0.016 8 0.962 5 3.77

8 0.969 4 09160 0.840 5 1.3678 00171 0.9701 3.83

9 0.966 4 09241 0.848 6 1.3808 0.0173 0.967 1 3.87

10 0.9639 09325 0.8569 13941 00174 0.964 6 39

11 0.961 6 0.940 5 0.864 9 1.406 8 0.0175 0.962 3 3.94

12 0.960 2 0.9372 0.8617 1.402 1 0.0174 0.9610 393

13 0.960 1 0.9371 0.861 6 1.4020 0.0174 0.960 8 393

14 0.968 0 09189 0.843 1 13712 0.0172 0.968 7 3.84

15 0.9673 09145 0.8391 1.3651 00171 0.968 0 3.82

16 09798 0.890 4 0.816 6 1.3306 0.016 6 0.980 4 372

17 09793 0.890 1 0.8163 1.3302 0.016 6 0.9800 372

18 09623 0.9022 0.8274 13486 0.0168 0.963 0 3.77
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Tab.6 Comparison of capacitor switching optimal results by

different nethods
HREES A AICRAL

LRI K THDI% 45 3.98

I RKEMERHL 12 5
RYi R /pu 1.0 1.0
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24 N BRI TR/ 188.7 198.4

5 Zig

ANSCHENE T 25 FEE A AN v S DA )
FARBONBEARAY, SR AT, 3R
TR AR R A R R A ST SR A
Jrike S HEII M, ASOEA LN
i

() SRR HOER S VLA =, RES AL

LA BN T

(2) AT AR A as L B E, %

TSR R AT 4 A L

(3) B8 TP AR AR LR, W] 3kt o LA A 4%

DIRERE o BRI, ORAE ARG 1 2 18T .

S0k

(11 RF%E, AMEM, IR, & T oabh PR A

ML) R G IR a5 R (0], 4k s, 2007,
35(21): 30-38.
WU Xiu-hua, PIAO Zai-lin, XU Jing, et al. Reactive
power and voltage control based on improved particle
swarm optimization in power system[J]. Relay, 2007,
35(21): 30-38.

[2]  #AEME, ZKiE. HE T PCCYEHIIN o DM 2 E 1 I
S HTE T R T). 4k s, 2007, 35(17): 41-43.
BAO Ya-ping, QIN Chang-hai. The principle and
analytic procedure of the reactive compensation device
based on the PCC control[J]. Relay, 2007, 35(17): 41-43.

(3] HEIERE, FOAG. FH ) ZRGER I R A
[RIor BT KXo SR [T]. 4k 2%, 2007, 35(1): 77-84.

(T4 % 89 W continued on page 89 )



A, %

T AEACHLU A EEARE KO R G S L RE TR G T i

-89 -

(2]

(3]

(4]

(5]

(6]

[7]

[ 55 BeIr T, S BTN T R T8 I e e 2 5%
ST A NE GRAT) 1ol CE R
[2007] (53 %5) [S]. dbxt: EEE, 2007.

B AEICWE. AR e S AT R I ] R ALK
BT[], A ST, 2008, 25 (5) @ 73-78.

MAO Yi, CHE Wen-yan. Monthly generation scheduling
considering energy-saving and economic benefit[J].
Modern Electric Power, 2008, 25 (5) : 73-78.
YR, oRYE, EOCKC, AR DX R 0 R R HL U B
TSI ) RGP L4541, 2009, 37(16):107-111.
FAN Yu-hong, ZHANG Wei, HAN Wen-chang, et al.
Research on energy-saving generation dispatching model
in regional grid[J]. Power System Protection and Control,
2009, 37(16): 107-111.

P, HhE, T, AR ook L BE T S T e
W SBOHEE . R EE T, 2007, 40 (6) -
6-9.

YAN Yu, MA Ke, YU Zhao, et al. Primary research on
improvement in generation dispatching mode to
implement energy conservation and environmental
protection and economic dispatching[J]. Electric Power,
2007, 40 (6) : 6-9.

SRARMR. AR A HL M BE R R A e AL
HMEA, 2009, 33 (18) : 105-110.

ZHANG Sen-lin. Research on pricing mechanism of
bidding price in set with energy conservation power
generation dispatch[J]. Power System Technology, 2009,
33 (18) : 105-110.

s, T, Tk, S5 el EM A K RITH
JEHREAS Gy vl R g FE B ARAVE D). Hh L TR
4, 2009, 29 (25) = 64-70

TANG Wei, WANG Yi, YU lJi-lai, et al. Synthesis
consumption cost optimization method for making

monthly trade schedule of grid dispatched thermal power
generation units[J]. Proceedings of the CSEE, 2009, 29
(25): 64-70.

(8] wfh, T, T, 45 gl EE KRB RICH

RLAEAC 0 TH R S8 A AL D). FMEAR, 2009,
33 (17): 167-173.
TANG Wei, WANG Yi, YU Feng, et al. An
integrative cost weighted method for drawing up electric
energy monthly transaction schedule of directly
dispatched thermal power generation units[J]. Power
System Technology, 2009, 33 (17) : 167-173.

(91 X, fh, P, & bl BRI kKB H
FEHREAS Ty VR S A i 2205 0], D RGR S
FEl, 2009, 37 (22) : 134-140
WANG Yi, TANG Wei, LUO Huan-huan, et al. Load
ratio deflection method for making monthly trade
schedule of directly dispatched thermal power generation
units[J]. Power System Protection and Control, 2009, 37

(22) : 134-140.

ks HEA: 2010-03-03;
EE BN

REH (1978-), 4, THRF, TENFLATHIH
ARG B R TAE;

FARE (1972-), 7, &, MR, AT EH
W /) A% A4 A. E-mail: cyj@hagongda.com

&= HEA: 2010-04-15

(E#EF 83 R

(4]

(5]

(6]

[7]

continued from page 83 )

DONG Guo-zhen, HE Jing-han. Causal analysis and
countermeasure on harmonic resonance in local circuit of
electric power systems[J]. Relay, 2007, 35(1): 77-84.
FHATT. WL ARG IFI HL A A 8 AT (1 ik im) L [J]. P
IR, 1999(2): 1-7.

ROGAE, XS, HiEib. % EITREME XA R
FL 199 O Dy RS P 1 R OIS [ P8 22 A 38 K2 254,
2003, 37 (8) : 783-786.

ZHAO Deng-fu, LIU Yu, XIA Dao-zhi. Reactive
powe/voltage control of distribution system considering
the constraint of the maximum allowable number of
switching operations[J]. Journal of Xi’an Jiaotong
University, 2003, 37 (8) : 783-786.

JRARAE, AR, VEDS. i T Tabu HREVEMNC A M
A S ILALRCET]. FIMEIAR, 2003, 27 (4) = 72-75
ZHANG Fu-sheng, LI Yan-lei, WANG Hong. Optima
configuration of capacitors in distribution network based
on Tabu search algorithm[J]. Power System Technology,
2003, 27 (4) : 72-75.

B, BRARAL, AEgtte, S SRR AC R SR
BESR I RGEAGIZAT ], b E AL IR AR,

2003, 23 (1) : 7-10.
ZHAO Yong, HAN Chun-li, LI Jian-hua,
Distribution network optimal operation for loss reduction
and harmonic mitigation[J]. Proceedings of the CSEE,
2003, 23 (1) : 7-10.

(8] M, WAL A MG UL ) R BRE 23Tk
D). PUNEREE2AAR: TRERFERR, 2000, 32 (2) : 81-84
LI Shan-jun, TENG Fu-sheng. The security method for
reactive power optimization in power system with

et al

multi-harmonic sources[J]. Journal of Sichuan University:
Engineering Science Edition, 2000, 32 (2) : 81-84.

Uk HEl: 2010-02-15;
EEE N

AL (1971-), F, HAIAEF, Hit, KIAANES
IR

A (1975-), K, 7%, A, ZEAFLYG
Efed e/ 2% 2 T4, E-mail: mootao@163.com

2T (1968-), B, AT, AF, FTE2MEH
AR AR

{&[E HEA: 2010-04-06



