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Frequency-domain Analysis Method for the Control System Design of
HVDC Rectifier Stations
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ABSTRACT: Improper rectifier control mode is the dominant
influencing factor among various factors related to HVDC
power transmission, which lead to subsynchronous oscillation
(SSO). So it is important to apply the appropriate control
strategy and control parameters to rectifiers. Based on the
quasi-steady-state model of HVDC system, with the effect of
phase-locked loop  considered, the mechanism of
subsynchronous oscillation caused by improper rectifier control
by analyzing with complex-torque-coefficient in frequency
domain is presented. A series of damping coefficient curves for
generators under different frequency are presented by using the
frequency-scanning method. By comparisons among three
control strategies for rectifiers, it is shown that nonlinear
constant-current control has the best positive damping
characteristic, and phase correction can improve the damping
characteristic of the linear controller to some extent. Lastly, the
effect of Thevenin impedance between generator and converter
transformer on damping characteristic is also discussed.

KEY WORDS: HVDC; subsynchronous oscillation (SSO);
frequency-domain analysis method; complex-torque-coefficient
method; phase-locked loop
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Fig. 1 Basic configuration of HVDC transmission systems
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MR A B4R F{E IR N R AR KR 1T

R B R A e A PP IR, I L AT R R
AU’ = (AU — uLAl'sin Ap) + (uL,Al'cosAp)?  (AL)

£6,=08,~Ag,= Mg ~Ag=arctan(—~A SBAD_y - )

AU - uL Al'sinAg

Ap=AOy —Ab: (A3)
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A AGK AU KT AURIHI A ZE 08 5 A A D3R RIEUA
B, BAANRAKX(AI)TF
Ap=A0, —(CAGy+CAU) (A4)
#(15). (AGRAR(AL). (A2)IHZ: Abe Al' FIAQT]
&
AU'={{AU - uL (AAG,.+BAU")sin[AQ, - (C AG, +
DAU¥ +{uL, (AAG, +BAU")cos[AG, — (C -
A6, + DAUNIYF? (A5)
A=A, —arctan{{uL, (AAE,.+ BAU")cos[AG, -
(CAG, +DAUNMH{AU —uL, (AAG,.+BAU)-
sin[Ag, — (CA6,. + DAUI}} (A6)
RIECTCHE, Wi AU FI AG, RETE IR R N AURTAG,
YRR AL, WA I T4 LS B R DK A HTHVDC AR E
o MI(AS). (AB)FTLIE H, BmasCimbi gt 5K
PUBES: H R R IR AR B S R RIS G O 2R o FAE g S5 RE
P TE SRR M R LRI i 25 2 A F SRR B, e X BE g
BB, B, 76 SERR R GE P ANRE 2 & R 52,
TH G TETE W 5 B AT s A, (AR, % 85E
FEHC 23 B S (1 AT 52 B9 T 73 HBE e REUM E R
Mo BUHIEATTVERE AR XA R 8L, IX R UIFT5 247598
e kA IR S BT, SRR [ 714 AN ot I VIR R R ol
%2 M 3 1Y) 4554 UIF 2 (comprehensive unit interac- tion
factor, CUIF), RRULAESEBRAArH, nlLLElidUIRE

XSEbR KRGS HVDC MRS A 1054 R LTI,
Xt TR UIF R T 0.1 189 Ha A LE ok AR SC ¥ )5 VR AT 3
WorNT, PR SCAR[O] 1 IR Sk 2 7 VR AT 5 A R A (1
5, WEE TS, WIS kG, Bk SSO HEH
I (10 423890 T P 2 (A 6 46 SR 4 T T 34 A A
230 Pl P BELJR R B2 05 VA AR AR 3% BELJE 237 HR e 5
FH

HARARSCHE 1A B8 FR 30k U TS AL AC
WRGE, HACHE T b FErh 200 304k g S BT, HAESE 5
TEAR > TV RIS A g IR 5 78R e d™ e B 2 HLAS H R Sk
W ZAN K A LR S5 — A [ e SR IR PR LR 5, 2
HLRGEH LA T IR AR S B i 0 IREA TR 51, R AiE
MR I3 M1 5 CTC )42 L1 WL SRR [18]
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