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High-frequency oscillation analysis and suppression strategy of MMC-HVDC system
based on generalized eigenvalue
ZHANG Fang,YAO Wenpeng,ZHANG Zijing
(Key Laboratory of Smart Grid of Ministry of Education,Tianjin University, Tianjin 300072, China)

Abstract: High-frequency oscillation caused by long link delay of MMC-HVDC(Modular Multilevel Converter
based High Voltage Direct Current) seriously threatens the safety and stability of power system. The time-
delay stability margin is adopted to measure the high-frequency stability of MMC-HVDC system and the
high-order state space model of the MMC-HVDC time-delay system is established. The time-delay stability
margin of MMC-HVDC system is directly solved by the stability analysis method of time-delay system
based on generalized eigenvalue,and the influence of controller parameters on the high-frequency stability of
system is analyzed. The influence of link delay of MMC-HVDC system on high-frequency stability of system
is equivalent to external interference. The high-frequency oscillation suppression strategy of MMC-HVDC
system based on H, robust control is designed through hybrid sensitivity optimization. The effectiveness of
the stability analysis method of time-delay system based on generalized eigenvalue for solving the time-
delay stability margin of system and the superiority of the high-frequency oscillation suppression strategy
based on H, robust control are verified by MMC-HVDC electromagnetic transient simulation. The research
provides a new idea for the study of high-frequency oscillation and suppression strategy of MMC-HVDC
system.

Key words: MMC-HVDC; high-frequency oscillation ; generalized eigenvalue; H, robust control;oscillation sup-

pression



Misk A

. P+jQ
u LR ¢ —» T )
2 ‘ T R + Jolg yq
> @ — MMC MMC
Cs Re 12
PLL fiih i |
(gp” ?y;\ P N
P (Gpn) P(Gpn) 5
v v LR
Joda 1 s |

} ‘Utd ! ‘ |
Pret idref Uydref ‘ Ucirdref ~+

O <> vdre % |at— ‘
Y b *%KH o loie [abe [ % e
‘ 5 n Ugi | - icirg

P H . i cird . ‘
| !cd (UOLeq g Ucirb ZWOLa!cirq 47 ':g ‘
| wOLeqlcd U Ucirg | 2woLaicirg . T |
‘ " circ ‘ I " IN ‘
\QA m ‘ cirgref= |
| + u 20 i ‘ucquref + ‘

tq

L Qu XFHSRPIE \ SR |

—— e o

3] A1 MMC-HVDC %42 B K iz I HE E]
Flg Al Model and control block diagram of MMC-HVDC system

du Uy 1. 1luy,.
Mpip Ceq % = a)ZCeunPq _ﬁlciro _Zlcd _Eﬁlcird -
u u.
llicirq 1 Ui ; Yeia +lﬂicq
2U, 4 U, 4U,,
(A2)
du u 1. 1 Uy .
Cop— 2= = 0,Coylgpy — o — i v
eq dt cPd Udc cir0 4 cq 2Udc cud
1 Uyg iclr 1 uc"d | += 1 uurq |
2U, ™ 4 U, @ 44U, °
Mnin (A3)
C Moroz 90,6ty + S i
N © dc
Nt Ad
A2 MMC B BRI TG, 1. Ugy, "o
Fig.A2 MMC single-phase topology 4Udc 0t o cird U, °°
Bl A2 i Lo B Uge 5512 EL MR L o Mo _ oy Aty
PLHLHE Ly 1 Ry 4332 % 11 b T L ot el T, (A5)
ui(i=P,N; JER)#E xR MMC E. FHEHE; i 1o, Lo Ui,
(o cir cir0
For by FHB WL moR by FHE IR AU, " 27 Uy
2 . i ST NN N JE o =5
B ue BT i 50 5 0 b EE R U 7 T:MMCﬁ%ﬂﬁ FER 30 B R T R
i FPFE TR, A T S B - L1 1
. PCC HUE A MMC Hifi 5t i ] s Fi 22 1] £ L= = ~Relewo + 25U =Sl + 515 - lUgpg +
g R R % MR B4 Bl L Lo Lo
Leq=L1+Li+Lo/2,Req=RT+R¢+Ra/2, L1 #1 Ry i paEid EU_qUCPq +§Uc_lrducpdz +§U_q CPq2
dc dc dc
PR I 4% P AT L BH s L A1 Re 23 B AR LT A 1R (AB)
JEMT LB d|Clrd 1 Uy,
TN e At e o N =20 2La|0|rq R Icnrd +- uCPd -
MMC 46 37t il A7 5 45 20 L 25 LR (R Ao IR dt 2U,,
E%jiﬂu_l: 1 U U +ucwd u _lu
ducp, _l L 1 Uy Yy +l Uy, - 2Udc CPq U, cPo 'y HePd2
Cdt 274U, M 4U, (A1) (A7)
1 ucn 1 I“Icir H diC”, A 1 uv
2 U i cird _EU_q cirg La dtq —2(1)2 alirg Ralcirq +EU_unPd +
dc dc de (A8)
1 U ucuq
2 Udc ucpq +— Udc Ucpg __ucpqz



MMC-HVDC &R Si32 it H i R IR A T 2
LI

di . .o
Leq d_;d =Ug — Reqlcd +w, Leqlcq _ULduch +
dc
1 1 cir 1Ug
Eucpd _Eu_ducpd _Eﬁucpq - (Ag)
dc dc
lu, 1u,
EULdCucpdz _Eu_dcucpqz
Leq ﬂ = utq - Reqicq - wZLeqicd - ULquch +
dt U,
1 lu, 1Ug
- +_er _ =+ irg u i
2 cpq 2 Udc cpq 2 Udc cpd
1u, lu
Eu_:cucpdz _EU_:dcucpqz
(A10)

A Ucpos Uepds Uepgy Ucpd2, Ucpg2 I3 A RN SR
AR BT d M. o R, d 4 =0
CAR g il — R By Cog AMFVE SRR, W2
Ceq=CIn, n AFRERAK: iciro, icia, leirg 7 R
I N =R e =05 2 N i =
HARARRER S W IESCH 7 .

Uta

e Ugg w0
. -
Up | JR7E i

+
A | U + w Gon
U At L Kppi+Kipi/s 0:‘ 2 >

!

A3 PLL #4514
Fig.A3 PLL control topology
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Table B1 Parameters of MMC-HVDC system

e E N MMC-HVDC #%4;
RGN & Se(MVA) 400
2 G PR S FUEE Lo(mH) 98
AU ARG RIS B L FE Ry(Q) 1.54
L FR G2 % A Co(uF) 0.5
RG2S % L R(Q) 25
i AL R AR AUE 2 i Stn(MVA) 480
e f AR AR AE A L T(kVIKV) 525/200
Hifi B R AR Xr(p.u.) 15%
AH LTS HLER Le(mH) 48
AHHHAS HUFH Ry(Q) 15
THiHL 2R C(UF) 2200
R HLJK Lo(mH) 60
s RN N 40
BRI HE Uge(kV) 200
LI LR B 50 A8 TH . Pae(MW) 400
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Table B2 Control parameters of MMC-HVDC system

Pl 3% ZH

MMC-HVDC R ZiAhA d Hlifz i Kpouta=0.01, Kiouta=32
MMC-HVDC R %4 q sl Kpoutg=0.01, kiouqg=32
MMC-HVDC Hf N d Hilifz il Kpina=5, Kiina=125
MMC-HVDC HLiit N q iz Kping=D, Kiing=125
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Table B3 Influence of current inner loop integral
coefficient on delay stability margin
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Fig.A4 Block diagram of solving time delay stability
margin of MMC-HVDC system based on
generalized eigenvalue

125 FaE 347.90 927.63
135 FasE 347.88 927.59
145 FaE 347.86 927.55
155 FaE 347.84 927.51
165 FaE 347.82 927.47
175 FaE 347.80 927.43
185 FasE 347.78 927.39
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Table B4 Influence of PLL proportional coefficient on

delay stability margin

B R =0 BFEfE  WRREBE/Rs IRGMRMHz
50 e 347.90 927.63
45 =y 347.64 927.91
40 FaE 347.38 928.20
35 e 347.11 928.47
30 e 346.85 928.75
25 e 346.59 929.03
20 e 346.33 920.31
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Table B5 Influence of PLL integral coefficient on delay

stability margin

Mo R# =0 RERE WWREBKE/ s TRGMH/Hz
100 e 347.90 927.63
110 fase 347.90 927.63
120 e 347.90 927.63
130 fase 347.90 927.63
140 fase 347.90 927.63
150 e 347.90 927.63
160 fase 347.90 927.63
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Table B6 Influence of circulation suppression
proportional coefficient on delay stability margin

WL R =0 BRERE B R e B /us IR AMHHz
0.2 e 347.90 927.63
0.4 R 347.89 927.64
0.6 R 347.88 927.66
0.8 e 347.86 927.67
1.0 e 347.85 927.69
1.2 e 347.82 927.71
1.4 FaE 347.80 927.73
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Table B7 Influence of circulation suppression integral

coefficient on delay stability margin

MR =0 RERTE FWREEBRE /s IREGHIEMHz
10 FaE 347.90 927.63
20 s 347.90 927.63
30 FaE 347.90 927.63
40 s 347.90 927.63
50 Fase 347.90 927.63
60 s 347.90 927.63
70 RE 347.90 927.63
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