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Characteristics analysis of power system series harmonic resonance and sensitivity calculation

LIU Shuming', LI Chenying?, LI Qionglin', CUI Xue?, LIU Huijin?
(1. State Grid HAEPC Electric Power Research Institute, Zhengzhou 450052, China;
2. School of Electrical Engineering, Wuhan University, Wuhan 430072, China)

Abstract: The mechanism of association between modal analysis and harmonic resonance in power system harmonics is
analyzed firstly, and the spectrums of matrix eigenvalues and critical modal admittance in series harmonic resonance are
drawn according to the loop impedance matrix. Then, the system topology corrected with dummy branch is proposed
based on the characteristics of series resonance and harmonic excitations to analyze the harmonic resonance of power
network. The result of analysis is compared with the result of system admittance spectrum scan to verify feasibility and
accuracy of the harmonic resonance frequency calculation method. Next, defining the sensitivity matrix, the sensitivity of
key model eigenvalue to each network element electrical parameters is derived using fundamental loop matrix to
determine relevance between system components and loop impedance matrix elements. The comparability among the
sensitivities of branch elements is improved using the standardization. Finally, simulation analysis of the IEEE30 bus
system is made, and the impact of series resonance on the element sensitivity, the series resonance positioning and
transmission range are obtained.
This work is supported by National Natural Science Foundation of China (No. 51177112).

Key words: series harmonic resonance; modal analysis; dummy branch; resonance positioning; sensitivity analysis
SCHRBRINAS: A RS

PESES: TMTL 1674-3415(2015)09-0021-07

TR, MRS IE 81T, ik, X

0 33

W RGP IO RZ oo, %8 2%
BEAAME LA A s A D2 B K B, R
PR A RO T IR IR BRI M 2% R GEHH B
WA e A AR I Ik B A B e, AT
SRBYUICEN/ N SUIL ENETY I SRS IIN B 2 e 4 W]

HEEWE: BXRARAMFALAE (51177112)

RGUEBAEIRII AT RS IRAEE S o2
()[R SR IBRRIE TN BN R GE I 2 Axia AT AT+
fry 7 X,

A ] P AT S e A 4 7 xR
G IR S BEAT 3T, %R ] DAMER SR SRR
HARERHE SRS DLREAT PPN . SR IR AT K
JHEXS R AT g e, A0 H AT B IR
WA T REBE T, X SR IR IR T AR 2 H A



-2 CE R R R EEL

PPAL o SCHRI6- 12141 20 T RS WA AR I KB i Ak
IR, ARES G HR IR £, X B G R Y
AT DR T IR, AT 48R T AER . ST
(9T X H BB Ry OB BREAS AI Al A T 8, {HA
KR RAEAT I, Bz 0 R G HR R B Ak
Bh KOG RIR A ST o
ASCHT RS A, 51N RR A SCioxT B B
DB IRILAT ST, bRy g BRES IR T B 0
AT R G B B IR B AT, 4 P B AR Al
HLFE, $ BT R Gee s e RIS ST
IR AR AT R B R I A 0, I
ZIAT TANFEMTER . ASCHIWETEE R 1E 2 734
IR BB i i B A i DL PPAL IR AR T3k, ]
F T o B BB PR SR GETCAF IS IR -
1 ERIERIRS 24T
BT I TR RS, R4
H T IR R L Bl , TR ZE S HOG
PR ARG, i AR g RIS . X R
S ICIEIE R rE I NG VR
Z'E=1I (1)
AP Z RGP BT, e B
M5 ORI AU s E Dy [Pl IR A R . X Z
AT REO S PRIEACHAAL, WA 3
Z=B,Z,B; = PAP’ 2)

Horbe By FEARRIPERERE;  Z, ) SCEg BT P
HEALEASRE,  pT OB AT S
FHAEEICE, B Z R . (1)
Al
P'I=A"'P'E 3)

B XA A A g = PTT , BEESPlEgH

JEAEU=PTE, N
J=A"U 4)

Horr, A B FAVHERE, 2R F S G
Y T 20(4) 0] LRAS FLUR TR ARAR T ROR . s T
o FR) g KA Ry SRS S RS R A ER IR
PR, BIFERERRE RIS, REHA H I
ML, AR RS = Aol I S . 1%
RG] DA I8 I e U R N ) Z S5 R, 455
K(D)~K@4), DI TS TR PR,
TR BN SRR E . T, FHBTRIER AR 2
7T S T B DA R IR A 0

FRAE B P« pT R T BT I B n
P R R AT M, e SCRFAE 1) 5 () SR AR AR Ry i i
Z 51, HigfExm TR A RRME S, A
B KIRAE R REE AT A A2 IR L .

MRS BRI B SR IR 2 5 e k) 44
Padh, ASORE B B BEE AL 5 | N REAUSC i
R BEE AL B W e ] BETE OLIEAT 7028 X 452K )
BT, BEXRF E R0 RS S A, NI &
ARG RSN EiR o PR LIRS T =
RAEF I IREAR T, BRI RENEIRMR
LAl IR BRI E . SRE TR T IITER, IRAGHE
K A ER I IR 4 AL .

2 EMXEERIN A

FR 4 SCHR[S-91, Al FHIEIRBES /0 HT(RMA), X
HRGER SO T A DS TE, MR 52
TR 50, ANFETFIFBAEYE, B PAERE A
RIS S RGN 5 RIS A G . IR
RITIREAS T, AR 2R GE REER AL H B3R P L
Jilis BB, AN REm ML EE R . T R R
RS 3 WIS 75 ELAE R8P AR R, S EH
Yo, SIS AR . I, E
P DHRIZH T PO IR, 2 sl IR B 1 %
Ko

HIRPGZI S, X RG S TR 2 B IE,
FRUEAT BRI VB BRI A A M o A T BE A7 AE 1
B R B I BEZ R o il R 200, B 1 s 5T
MRS, BRI, WA AR R e i
JIAT EOR B G R o I RELR 1 R, REZk 2 Sl
Py weeee v REER S KiER . XFRGGINERL T,
T B AL R A 355 0 2% FLBEL R L e <
B, W ARZ S B IE RGLE . (EF R &
FABPRIN, BELR K A R FO0SC i v BEL LAY 5 oA 2
R S, RG4S ¥ o BELAY
BORHLBH, B HTE IE 5 1 R 40 5 R O e
WL T REL j IS RN (2 k), BEER k b
PSRy — BAE R R L BEL, R B 1 405 1%
TFik, X RGEMATEE NN . A S IOB R
BOWTEER, "5 R G4 0RO s A & K R

I 1 IR A%
e 4 2 3 5 2#
1
24j1 ; 3.7+1.3j

1.6+0.8j
1 IEEES B 245
Fig. 1 IEEES bus system diagram
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Fig. 2 IEEES bus system modal admittance spectrum
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dummy branch method
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Table 1 IEEE30 series harmonic resonance data

B /p.u. 5.4 10.2 16 19.5 26.7 33 36.9 51.1
A S/ 95.42 90.75 38.45 55.94 54.18 84.34 191.5 155.2
PS i e VAT 50 54 56 56 57 59 56 58
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Table 2 IEEE30 branch number
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