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Impedance Modeling and Oscillation Characteristics Analysis of
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ABSTRACT: The offshore wind power DC collection and
transmission method has the advantages of avoiding reactive
power charging and overvoltage issues caused by AC cables
and the like, which will be the main development technique in
the future. Different from modular multilevel converter-based
high voltage DC (MMC-HVDC), offshore wind power DC
collection and transmission system connects the wind power
and the onshore MMC by the low and high ports of DC
transformer (DCT), the broadband oscillation of which is
unclear. So, impedance modeling and oscillation analysis of
offshore wind power DC collection and transmission systems
are needed. In this paper, the impedance models of system
collection and transmission port voltage ports were first
established, considering the effects of the onshore MMC on the
collection port and the offshore wind power on the
transmission port. Then, the impedance small signal coupling
pathway which were quantitatively characterized, the dominant
influencing factors of the negative damping characteristics
were revealed, and the oscillation risks were analyzed. Finally,
the electromagnetic transient platform of offshore wind power
DC collection and transmission system was built based on
Matlab/Simulink, and the simulation experiment verified the
accuracy of the ports oscillation analysis, and it was found that
the impedance coupling characteristics will affect the
oscillation analysis results of the offshore wind power DC

collection and transmission system.
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Fig. 1 Topology of offshore wind power DC collection and transmission system
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Fig.2 Topology of the DC wind turbine
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To =Hp (g +Lg+1)/(1+UHy, (g+1Lg+1)+1)

(A26)

(A25)

=2, +(E-A)M, Z,c M

aug0T “~ pCg” " aug0T

I, =(E - A))M 01 Z o Losgor + Unigor (G, + G

aug0T ““ pCg* aug0 cirg)

M Z I .+
aug0T“~pC~au0T
I, =((E_A°)(V ijg +E)Z, A,
aug0T
E
F4 - ? + (AO B E)(Ma“EOTZPCIaUgOT + UaugOT )Gvdcg
(A27)

GVng = _GadedchdelHig

Gy = Goy(Gy, Go A Hiy + K3, Go, Gy Ay) +

Gaq (_an Gdel Ad Hig + Kdg Gda GdelAd)
Gvg = Uad (G ‘GdclHig + K4, G, ‘Gdcl - ngGdaGdcl) +

idvas dg Yiqvas

G (-GG Hiy + K 1y G iy Gy + Ky GoasGaa) +

iqvas dg Yidvas fg ~ vqvas

G i (G Gua Hig + 2K 4, G0 G) —

i2dvas dg “i2qvas

Gy (G Gua Hiy — 2K 1, G0 Gy + G,

i2qvas ig dg ~i2dvas
G

cirg G (G, Gy Hpp — 2KdgG Gy)—

icrg 2qa

Gan(_G GdelH‘ _ZKdgG2daGdel)

2qa icrg

a_vas

(A28)
;H\:EP ’ Gidvas N quvas N quvas N Gmaivas i/}j EE@LDFH

Wk, BAARWT:

G (g+1,8) =Ty, (eI —e™ I el
Gg.s(g+lg+2)=-T, (e I - eJ‘Pvll*)e*jw\,
G (€ +1.8) = =Ty, (1, + & I])e™™
G (g +1.8+2) = jTyy (e "1+ U e ™
G (8 +1,8) =—jTy (e U, + U )e™™
G +1.8+2) =Ty, (e U, +e™ U, )e 1*
Gpo o (2,2) = —Tyy ¥ M

Gy o (8,8 +2) =Ty & Mie ™™

Gy (8 +2.8) =Ty 0 " Me™

Gro s (8 +2,2+2) =Ty e ™ Me ™

(A29)
F_F MMC B 1 BHPT



Z. - RS (A30) #z B3 ELMMC B
chc Table B3 Parameters of onshore MMC
Hf, Yie HE T MMC B 54 B X A
N HE 1000MW
Y, - 1 . (A31) Ui :IH/;%L&EEF 300kV
34N+, + Ty T, Ji BUE T 50Hz
= E 5
T LB T, 4 e ok
Zo =1/ A/ Yo + Yeginen) + 2Zcpinen) + Yetinenr) Rarmg Ti:iiéﬂ 029
Cam R LA 10mF
(A32) Mo R 250
Hy, ClineH N EEM LS SRR T, Kovacg/Kivacg B RS L) AR 1.36x107%/1.05
B R B VAT 48 B A : Kiig/Kii SEFR A L AR 5 4.74x107/8.00x107
Z et N R ELIEE SR K::/Knl FRif ) LIRSy 4.24x107/1.43x107"
Mix B Kppr/KipL R IR 5/ 1.81x107%/1.14x1072
S Kq AU LI AR FR A 7.81x107
=Bl DCT 2% Ky S FE R R 2.45%10°
Table B1 Parameters of DCT
S = 1000MW Table B4 Parameters of line
s A TAESR 200Hz ZH & 3L g
Ugertresttaerer  DCT iy AR B HUE S5 {E 640kV/200kV Lenn B SE 100km
Uetirefy UeLref H. L Hi8 4 RbES#H 444KV /320kV Liinent Rk L L R VA 0.14x10H/km
Larmz H. W. L ¥E sk 6.3mH Riinet BRI AL SRR P 0.01Q/km
Rumz H. W. L %8 i 0.2Q Ciinei B I A S LA 0.25%10°F/km
Carmz H. W. L M F iz 10mF Lent LR 14.7km
Nz H. W. L ¥ 7Ry 222/260/160 Liiner bR S e R VA 2 0.99x10H/km
Kpver/Kiven ~ H HFE 4R HURISHI LB 4.40x107/3.68%1072 RiineL TCERER I A SRR P 0.09Q/km
Koin/Kin ~ H BB RILLBIASY  3x10744.3x107" CiineL. TSR LR AT S R L 0.175x10 °F/km
Kan H W A8 R AR R 2 2.23x10°7° Lac NER/TNERTIR 10mH
K H AR 52 L HLS RT3t R 3 1.21x10°
Kow/Kiww W R AC U R 4% 1] L 451/ 7.1x107/6.67x10™"
Kpiw/Kiiw W AR A8 IR AL L A5l 3x1074/4.3x107!
Kaw W S IR IR 2 5 1.9x10°°
Kiw W R 2 30 H R AT R A 9.61x107
Kover/Kive, L WP 45 e R 4% 1] L 451/ 4.30%107°/3.63x1072
Kpir/ Kiir L AR R A S 4 ) L £l AR 3x1074/4.3x107!
Kpvacr/Kivaer, L 78 BLIT LT 22 B A5 /A 1.11x107%/9.35x10™>
Koou/Kior L W8 BLU AL 34 1] LU 45/ 1.5x107%/2.3x10™"
Ka L i SC I IR A R A 6.03x107°
K L AR 58 I HRLFE 1T R B 3.05x10°°

#= B2 ERNEHNESH
Table B2 Parameters of DC wind turbine

ZH & 3L il
Swr wE 10MW
Uderref HLALS 1 B R S5 20kV
nyiny AR 1.38kV:10.6kV
f e TARES 96Hz
Lame R Lk 7mH
Rarme R HRE 0.2Q
Carmr TP AR 2.7mF
Nu W TR 22
LJL, R HAL R 0.1mH
Kopr/Kipr B DT E I L lAR 4y 4.44x107°/2.8x107°
Kpir/ Kiie A HL IR AR /AR oy 4.24x107/1.43x107!
Kpier/Kiier R il Lo R oy 1.70x107/1.14x1072
K ST HL AR R AL 2.11x107™
Koar IR R AL 422x107*
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Fig. B3 Impedance characteristics of collection port by

AC circulation current control
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