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Design of multi-channel low order robust damping controller based on static H- loop-shaping method

LI Zhihan', ZHANG Yingmin', ZHANG Shuang®, ZENG Xueyang', LI Xingyuan'
(1. College of Electrical and Information, Sichuan University, Chengdu 610065, China;
2. Electric Power Research Institute, State Grid Ningxia Electric Power Company, Yinchuan 750011, China)

Abstract: For the common problem of the controller order is too high when using the robust control method to design
damping controller for HVDC transmission system. A method based on static H,, loop shaping is proposed to suppress the
sub-synchronous oscillation and low frequency oscillation. The designed controller has the same order as the weight
function. The order-reduced model and the sub-synchronous oscillation and low frequency oscillation modals in AC-DC
system are obtained by total least squares-estimation on signal parameters via rotational invariance techniques. Then, the
different oscillation frequencies are decomposed into different channels by Butterworth band-pass filters. The additional
robust damping controller is designed based on static H, loop shaping, restraining the interaction between control
channels. Xiangjiaba-Shanghai DC link under island operation condition is simulated using electromagnetic transient
program PSCAD/EMTDC to demonstrate the proposed control strategy. Simulation results in PSCAD/EMTDC show that
the designed multi-channel damping controller can well suppress different oscillation modes of the system and possesses
good robustness. Besides, the order of the controller is low and it adopts output feedback control, which are convenient
for practical application.

This work is supported by Science and Technology Project of State Grid Corporation of China (No. SGNXDKO00
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Key words: sub-synchronous oscillation; low frequency oscillation; band-pass filter; robust performance; static H,, loop

shaping; low order controller

0 33

FERREL BN MR ST, R HRIFAF
CUSCN R R R sk JG, ) b R
AN P B IE S AT DU NN g, JERR T L RS

HEWMHE: BRE M5 A4 B (SGNXDK00BGIS160021)

K % ELILT ORI, AT R REE AN 384T s
KRB EIIIZAT 73R, 191 9 T £ K [R5
I3z RS AR v ARSI o 42 fhl AN 24 Bl P
FOASFIVE ST e A AR I, 58 T R B A
RG> o G5B ARSI G HIA R AR 1
JE LT 2R G 2 A S ARE (R SR DR (R [RS8
KR 2 F AR ORISR et dae il



_24. ® & AEY B

IR B E T B Nl G g R AN R R A
P35 « SCHR[61F) AL A M T 71501 HVDC Fitn
BB F= il g M R G IR R PR ¥ « SCHR[715E T 05k
SR T U 1A T 22 00 o oL s ) s 40 A A
PG AR FIDHRGs o LEARZ BN BH J& 4% il 1 15 vl
TR, BRI B T A ) R e DL
R UF st aebanm 280 KREEE bR,
SCHR[BIR FHSK il Hoo & M il 18 (TR A R
Dt 7 E BN BH e 45 A kA i R GE ik R P
%55 SCHR[9TR I [HT i e ) ke vt 1 B I b i
P B AN H R GARIHR s SCHR[10]H 2 1 P
ANEER LMD B Ho/Ho S S f2ifil 2, )it
R R G IR [R5 AR« HE H A&k
BEL e 42 188 (PRI H U7 kA7 425 11l 2 o 200t v 14 1)
B, R RGBS, BIER A B
AR AR m B L, 45 TRESE Rk T —
SE P AE, DRI B IR 5 e 32 ) 2 1 vk
HIBT A B .

ASCHEH —FERES Ho RIS OB I k% vt s
JRE &R e d filgs R HEIK R PR
ARSI, T8I KA R AN X ] B 4K i
il as,  Ham 2 il s 2 A A ek ZOR [R] R By
o R SR el AL HR(TLS-ESPRIT)
HER RGBS SRR, R EURRR 2217
TR A RAAFIRGE D RN 2 A,
PEERAS HL [P E% JBETEE X AN [R] 0 38 18 e 1 B
Jé ¥ il A8, PRI H AR A B o . A
PSCAD/EMTDC % P4 1] # i ) b B AN B 3s 4T
AT ELAOAIE, &5 R, Pri vkl
AR RG] MR T AT B i 25
HHEA B &,

1 %75 H[EIE& RS &

1.1 H BB/ E

H [P S R B ik s i diles, iR
G AT RAFIRS e MR It o iR Be TR 3
PR R A 3 NP,

1) I RTE . R A= AMEDS ()R G B A
PR Wa(s) KX RN L G(s)BEAT R T,
I TG I ERT B A Go(s)= Wa(s)G(s)Wi(s)o

2) EHEHUE . IR EHERUEME cmax o

-1
sm=@g4 ]=
- o M

NI

11 G.K)'M"
K(+p)

A N)RT M(s)5E Gp(s) I 1E AL 22 5T i o )
Go(s)=M '(s)N(s), HIi/& NN (=s)+rM(s)M' (-s)=
I; ||, %7 Hankle Y540, B e HIIRAE T FEY
0.2 B 1 A KSR E sk, L, Tl
ngmaxr @i‘i
1 -1 -1
[tJo-enrs]|

SRAFFUE AR IS Koo(s), B BUE B BRI
e BN BAE G, (5) =[M(5)+A,, )] [N©)+Ay(5)] »
Horh, Ay (s)v Ay (s) BRI Gs)MIAHE
T A, (). Ay, <€ [Ay(5),A,(s)]€RH, , N,
M PRS2 SR

A+HC B+HD H

[N M] :[ EV2C  E:D E1/2} ®)
X1, H=—(BD"+ZC"E", E=I+DD", 1 Z ;&
"N Riccati J7 FE P fiF

(A-BF'D'C)Z+Z(A-BF'D'C)" - @

ZC'E''CZ+BF'B" =0
A, F=I+D'D,
U 1 s A ERUEL SR AN e AL

<g! )

1 EMEREF I HED R

Fig. 1 Uncertain decomposition of normalized

coprime factorization

3) EEHIER e AT/ 201 He B E
PR Koo(s) LA SGEIIBLREL W ()« Wals), WA
e 2 () RO I K(s)o

K(s)=W,(s)K. (s)W,(s) ®)

[B] 2% Sk FE U 2 s o

1% H [ 4 McFarlane 5 Glover #52h
M SV IS S M A 9 T L/ - & R = SV L8
R SR I vt th ) 8 4 ol B A AT B Hi L 3R
e RIS BB B JE AT A AR B 4
1.2 B7S H BB E

Kl 3 4 R GEE R 5 A7 [l e TR,
':F': w1 %D Wy j’:’&#ﬁq:;}jﬁ, Z] %l] Zy j’:’ﬂzﬁl\ﬁﬁﬂj o



puint

OGNS, AF BETRRS HL RN R 22 G TE A i P e s i - 25 -
G

(b) FEHIERTE 1L
& 2 [63% A 20 78

Fig. 2 Process of loop shaping

B 3 EMEREFEHMAEAIER

Fig. 3 Diagram of loop shaping of normalized

coprime factorization

A FLIF B R 0 L 2 58
(LMDHEAT S ME [w,” ] B[, 7] A i
PRI ST, TR RO B K,
UL T B I RULARYE, 95152
A1) McFarlane s EAEL, BFE RIS
BRI S, AR SO B

BRK G WK R KR & 5 5 B
@:kﬁﬁ}iﬁ&&%@%i%ﬁ%K%ﬁE,
A AR, T (6L PRI A Kt
(R,

yv+9Kg+¢'K'p' <0 (6)
"AR+RA" RC™ 0 0 B |
CR -1, 0 I, 0
_ 0 0 —yI 0 0
v " ™
0 I, 0 —yI, 0

¢=[B Opn, 1., 0

p=[RC" 0 0 I, 0.1 ®

nanu nuxny ny

L, p=(y* -1, P=yR, n,~ n, BHH RGN

R AN S ROPRIRMSE y. HFE R TR
P A MR AR ZE )RR (10) R A L 1) g AT
FERE P SR,

AP+ PA" — BBB' PC"
- P o )
CcP _AI
AP+PA +ZC"CZ-2C'CP-PC'CZ B
o , |<0 0

KOFX(10) 1) Z & (4)Riccati 7 FE 1 ME—
FE SRR IE B . 5O (10)HfE, WAL
EW A XQMES H AHEER S K, W%
B IS Hoo 028 Y BRI 2 K=WoKW, s 45
Tofdt, W) TR AL R R B K E AR E MR Emax

(1) H .
.L:LL
77/ f+1 b

gi b, A BRI R Hl e B D BN

(1) $& RS btk Re ZERIE BB R L Wy AL Wi 5
JR R GRAT [P O

(2) I & 1 o B A 2 2k X (9) A X (10) AT
TR AT, FEd/ MK Bo

(3) HRPEMAEH I p AEERE P ATk y FIHERE R,
H PG RR B ANSE 2O 2 (0)BEAT FIAT /0 Ar, WA
A H B HR IR Ko

(4) HRITET PR [0 340 S B, D) e 28 BE T ) i 2
H 0138 S S e 2% K =W.KWy, 5 &5
FLAT R R H— BB 4L

2 ETF TLS-ESPRIT HARMRGIR FHES
#iR
TLS-ESPRIT 5y 2&—ME T ME AR E

SN, AR ARG S A B B TR

—, AEHL RGRERATI . B A SR A

KB ES SRR 2N 51E40 Prony

FFARLE, e HAERRPT TP, Prhkae ) A

st
DU P i) b B i v A S aE A T R 4 5 44

Kl 4 FroR.

&

max



226 - @A &R B R

500 kV
w158 kV/500 kV

||
=aH-

B 15,8 kV/500 kV

220kV
500 kV/220 kV 220 kV/15.8 kV

ao—H-0=

Y

2
i) B S00kV

(=) v

22 kV/500 kV

1

HESFMAL 20 kv/500 KV 500 kV/20 kV

1—CO—EH-CD

[
[

3
4 | LERARGIMSIZIT T RING#H
Fig. 4 Topological structure of Xiang-Shang DC system

operating in island mode in a real power system
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Fig. 5 Diagram of multi-channel damping controller
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Fig. 6 System dynamic response for the first disturbance
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