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Design of HVDC System SSO Damping Controller
Using Novel Eigenvalue Analysis Program
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(Dong-Joon Kim - Hae-Kon Nam ‘- Young-Hwan Moon * Yong-Gu Kim)

Abstract - This paper presents the HVDC system modelling for analysis of subsynchronous oscillation and the design
of the subsynchronous oscillation damping controller in HVDC system with the aid of novel eigenvalue analysis program.
The HVDC system models include both the steady-state model for power flow calculation and the dynamic model for
constructing the state matrix. The design procedures of the subsynchronous oscillation damping controller (SODC), which
is integrated with PI controller at rectifier, consist of three sweps: 1) to identify the dominant torsional oscillation mode in
the AC/DC system; 2) to determine the parameters of the SODC for compensating the phase lagging due to the rectifier
controller; 3) to validate the control parameters and to determine the appropriate gain using a time-domain simulation
program. The proposed design method has been tested against two AC/DC systems for validation.
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Up = arccos(cosa—M—Cfi)—a) (A2)
Escr
_ 2pgp+sin(2a) —[sin2(up+ a)]
tan o) = cos (2a) —[cos2 (up + a)] (A3)
[ALE (A4)
™
Quas
V.= N,(iﬁ E, cosa — 3Xelae —-2R_I,)) (B.1)
s P
u; = arc cos(cosa—M)—’” (B.2)
Eicr
_ 2p+ sin (2y) — [sin2(u,+ v)]
e 0 = )~ [eos2 (7] By
6N
I.= — I, (B.4)
C. $4d4=
Vdci = Vdcr— RdCIdc (C.1)

A
==

Xc=7.0 Chm BA A7 AY 525kV
Aojrre: AAF, AGHFZ Aoi(beta=150 deg.)
FRAXAE: X1»=0.1233 H, R2=3.97 Ohm

R=0.00 pu, X:=0.14pu,

F. HVDC % HIEY Aoj7] for Only DC Line
(SSRStab)

- Yd3¥4ls : 2A7] Pelec pu

- Tw=0.016 sec, T2=T4=0.5 sec

- T3=T5=0.3 sec T,=0.007 sec

- K=-0.320(= K,(20.0)*T,(0.016) )
- T=0.02 sec, n=2

.HVDC % HIE4 Aol7] for DC/AC Lines(SSRStab)

- 1=EAZ - HH7] Pelec pu.

- Tw=0.016 sec, T»=T4=0.03 sec

- T3=T5=0.01 sec Tp=0.007 sec

-~ K=-0.320(= K.(20.0)xT«(0.016) ) , T:=0.007 sec, n=3

H. SCRX AAP A7) Aol A

- Rectifier smoothing time constant : 0.02 sec
- Controller Lead Time Constant: 1.0 sec

- Controller Lag time constant: 10.0 sec

- Exciter Time Constant: 0.02 sec

- Exciter gain : 200.0 pu.

- Maximum Field Voltage: 55 p.u.

- Minimum Field Voltage: -55 p.u.

—_—

AT
- o]% : 200 pu. (=F 5%)
~ Governor Time Constant: 0.04 sec

- Valve Time Constant: 2.0 sec. for only DC Line (1.0

sec for AD/DC parallel Lines)

D. IEEE SSR FBM 7]7] de|¥
7171 A 7A: 8924MVA, 22kV

X;=0.13 pu
X4=1.79 pu
X4"=0.169 pu
X4"=0.20 pu
Tao'=4.3 s
Ta"=0.032 s

R.=0.0045 pu
Xq=1.71 pu
X,'=0.228 pu
X4"=0.20 pu
Ta'=0.85 s
Tqo"=0.05 s

CEA2R Ay

H11=0.092897 D11=0.0000 K12=19.303
H22=0.155589 D22=0.00 K23=34.929
H33=0.858670 D33=0.0000 K34=52.038
H44=0.884215 D44=0.00 K45=70.858
H55=0.86849% D55=0.0000 K56=2.822

H66=0.0342165 D66=0.00
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