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Fig.1 Structure of control system
for grid-connected inverter
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Fig.2 Block diagram of grid-connected inverter control
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Fig.4 Equivalent grid model

2 EESWMEREERE

2.1 EESWE
N H S TIE RO A A R G A

R R IFBE IR O s R R R,
V=Yl (2)
Hor Y, WAEBUR £ R G S AR v, A T
G35 R T R R R A LI ]
R Y, P T .
Y, =LAT (3)
Horb A X AR EE L RE A = diag(A1, A, ,4,)
L=[L L, - L].T=[T, T, - T,)5 3N/ FF1E
mEER, A L=T",
#RGHRAKL(2)15
V,=LA™'TI, (4)
Hor A 4 BT,
E X U=TV, AE SR IEm & J =TI A&
M m WA U =A"g, [,
Un A0 0 0 |
U, _ 0 /\]-% 0 O Jn
: o o0 - 0 :
Ufn 0 0 0 )\],} -Ifn
H 3 (5) M1, 8 R G & JTF RIS IR | B 46y A
A8 T A HL IR 7 AR AR e B S R B A, =0 B
B /N AR /N BEES 1 AR ), B R BUR R
BSHE Uy, T HABBS B AN SZ 52 BI7ERC S
B ARAERRAE AR S TN B R A
2.2 EESWEERE
WO IR E HER e TN AL, BES
FEAAT SE AR IC IR AR G, A R
INE R AE AR FR R VSR < OB AR = XL I 22 A AR
[w) £ DU R Ay SRR ARRAIE ) 127
B LI Jy T 7R R HL I AE 2R — SRR AR 0] B
b AR R S R
Jn=Tuly+Tplp+ - +T 1, (6)
=0 (6) T, & T, A S RAE, W5 SRR 1,
PRI 1 AR A B KA DTl RIS A n
25 oy 52 BV A BRI P AEARS 1 IR R
[ BRI A5 BS RS SRR A E X R V=
LU, WA .

(5)

V/l L] 1 L]z Ll 1
4 L L L,

‘fZ = _21 [J/’]‘I’ z [J/2+ R 2 Uf,,, (7)
V/'n Ln] L n2 L nn

M (7) T, 5 R G REREES 1R W U,
KT HABREZS A it 2 (7) T AL (L, Ly
oo Ly "Upy K, WHE L, SRR W 2 n K
2 B R L A BT A A 5 25 5 L B4 2
1 iR,

ZE LTRSS AR ) R R T B W SRR X
TR IR T R A R AE ) R A L R G



%31 PR 7R, 26 6 B 40 7 10 Sk, B 9 0 e 5 (39)
iy W N TSN R e R S 4SS W ET8 b7 SR V-1 S I 122 O [ < O 7 S TR A O

B35 A VA KL £ 5 004 R D R I

SR, T4 T S 4 T L 25 4 S —
A BHERR R, MRS KR 1R B L
5L 1A BT K T HABBEZS LA (8, 028 (4) 7T
1L,

Vfl L||T11 L11T12 LllTln, Iﬂ
V LoyT,, LyTy, - LyT, I
'./2 =/\f11 21: 11 21: 12 21: In f:2 (8)
an Lanll Ln]T12 . Lanln Ifn

2 (8) FHEFEXS AL IL R s T 19w AE AR
ST 0 AT 3l A AR IR B 5 45 AN W AR 2 R R
AT WA SE5NT, S5 T RT3 5
X T A W R B 2 5 BE L R TR BE | o S i 20 A
A 5 AT UL A ) 5 T I A E AT e AT
HARARZS 5 N B w0 ] A 2 28 4008
PRAY L

3 REFHHFMERASKES S

3.1 BESHENAES
Sk U6 TR S 20 AT 5 o W O IR TR S B o AR LA
B 5 frs = S R g o Gl EE B & ooiE S
%&(ﬁ%ﬁ)ﬁﬁ?rﬂqﬂ O XA AT R Rl R 5%
W R, Fe =" 5{&J1ﬁ%%ﬁ’]1‘%*ﬁ$ﬁét
% m & 6 AT R R G 3 AR IR
A 145 Hz 335 Hz #1775 Hz 4t

P Xl a2

0.04+j0.3 i 00414 l Nw_l
3
10015T J0015T j0.00ST

B 5 iR g
Fig.5 Test system

2500 [ (335,2268)

(145,540.5)
(775,474)

1250

ST/ Q

400 800 1200 1600 2000
f/Hz
B, — B2, -3
Beo MXRFEEESITER
Fig.6 Results of modal analysis for test system
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Fig.7 Results of frequency scan for test system
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Fig.8 Modal analysis model of
grid-connected inverter
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Fig.9 Schematic diagram of a power system
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Fig.10 Results of modal analysis
fE 5 5 X 3(27.2,378.9) i 4(29.1,95.6) #1
i 5(15.3,425.7), 2 2 WEANGA T 78 3 FhoCHEK
PR & I IRS 5 FE,
Fo XPEASBERTE

Table 2 Participation factors for key modes

. Z 5 TH
Fia 3 Bi 4 B s
1 0.1312 0.1300 0.0188
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3 0.1198 0.1207 0.0200
4 0.1174 0.1272 0.0183
5 0.1312 0.1300 0.0188
6 0.1214 0.1221 0.0198
7 0.1198 0.1207 0.0200
8 0.1174 0.1272 0.0183
9 0.0204 0.0002 0.8464
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Table 3 Participation factors for different grid-connected generator quantities
KL Z 5H7{H
A% i TR P2 W3 WA4 O PAS WH6e TAT7 s WA
3 5 18.1  0.0056 0.0057 0.0058 0.0024 0.0056 0.0057 0.0058 0.0024 0.9611
3 31.3  0.1228 0.1183 0.1164 0.1248 0.1228 0.1183 0.1164 0.1248 0.0353
s 5 17.3  0.0057 0.0058 0.0059 0.0024 0.0057 0.0058 0.0059 0.0024 0.9602
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7 5 16.8  0.0058 0.0059 0.0059 0.0025 0.0058 0.0059 0.0059 0.0025 0.9597
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Multi-objective optimization strategy based on PSO algorithm
for GIC-Q of power grid

YANG Peihong'?,LIU Lianguang',LIU Chunming', FENG Shiwei*,ZHENG Xupeng®

(1. State Key Laboratory of Alternate Electrical Power System With Renewable Energy Sources,

North China Electric Power University,Beijing 102206, China;2. School of Information Engineering,

Inner Mongolia University of Science and Technology,Baotou 014010, China)

Abstract: GIC(Geomagnetically Induced Current) may cause the DC magnetic bias when it flows through
the transformer windings,resulting in the increase of transformer reactive-power loss,the imbalance of grid
reactive-power and the impact on safe and stable grid operation. A multi-objective reactive-power
optimization strategy based on the particle swarm optimization algorithm is proposed to restrain the influence
of GIC and ensure the reactive-power balance of power grid under geomagnetic disturbance,which takes the
minimum cost of reactive-power compensation equipments and the minimum voltage deviation as its objectives.
The proposed strategy applies the niche sharing mechanism to update the particle locations and archives the
Pareto optimal solution set according to the crowding distance for the diversity and uniformity of solutions.
Chaotic mutation is introduced to avoid the locally optimal solutions and to improve the global searching
ability. Simulative results of GIC-benchmark verify the accuracy and effectiveness of the proposed strategy.
Key words: geomagnetic disturbance; geomagnetically induced current; reactive power optimization; voltage
deviation; multi-objective optimization; niche; particle swarm optimization algorithm; chaotic mutation;
Pareto optimality
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Harmonic resonance research based on modal analysis
for grid-connected wind farms
TANG Zhendong, YANG Honggeng
(School of Electrical Engineering and Information,Sichuan University ,Chengdu 610065, China)

Abstract: Aiming at the harmonic resonance easily occurred during the grid-connection of wind farm,the
modal analysis is applied to decouple the nodal admittance matrix of grid-connected system and the
eigenvalue decomposition is adopted to determine the related information,such as resonant frequency,
resonant centre,etc. The equivalent Norton model of grid-connected LCL inverter and the equivalent grid
model are established,based on which,the resonance phenomenon of grid-connected wind farm is researched
by the modal analysis and the resonant information of each node is determined,such as resonant
participation factor,resonant center,etc. A simulation model based on PSCAD is built for an actual 99 MW
wind farm and the variation laws of nodal resonant participation factor and resonant center versus the
tieline length and the grid-connected generator quantity are studied,verifying the feasibility of the modal
analysis applied.

Key words: wind farms; grid-connected inverter; harmonic resonance; modal analysis; participation factor



