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Fig.1 Observe-state feedback system with

variable structure control
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a real power system
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Fig.3 Diagram of HVDC additional

frequency controller
32 EFRIRSHUEE
CRIFEFE Q FxF Ml , KX ICE N ¢, (i=1,2,
-,n) R E PR SR, BN @ /Y8 ik AR
Vj?b%liﬁi%%ﬁ k EAT LA, 45 5 R R A /IME
J?IE,EYTUO)E?/TE’JB*sz&,mxﬁ:
J= min min Re()\)} (15)

(qusqoas o qua k)R | PoceR,

HREMEARS R, P Q AR HME/@EI
M q.:€[0,100],ke[1,100]; H B R G M ia 171 5
AL R, Y Ppe=0.25,

i ek kPSSO S AL S 13 i AH M Q 14572
N g =95.946 gn=1.341 g5 =1.117 .qu=1.019,
q5s=1.081 g =1.037 XL k=46.36,ILHT J=-0.287,

Fe i 38 2o 7B 2 Ry A R A R T R 4 A B o A
R g5 [ 2 RECR FAE 2 0 Il | SRAS 45 1 4%
1% 3 R R




%118 B AR AR T AR AR ) IR A T B A A o R s @

H(s)=(5.0125"+49.4355+702.55°+5297 s*+3.027 x
10*s3+1.613x10°s242.914x 10°s +1.198x10°) =
(s8423.9757+379.65°+40145°+
2.605x10%s*+1.19%x 10°s*+4.031 x 105>+
4.157x10°s +1.507x10°)

TR T - A7 78 T 92 o B o 4

H.(s)= ;5.031 s4+47.594 s3+%337.8 5242-291.3 s+3983

s +16.26s* +179.5s°+1107s* +1 1125 +502.3

(17)
W 2 45 1] 2% B BT S B Bode B WAL 4 TR
T 3 B i I 42 ) 45 W8 D | AR A PR AR — B 22

(16)

0
E -0
-40
90T
L /
~ 0 H. L
& 90t H,
=
- 180 : : '

10° 10! 102 10° 104
B2 / (rad-s™)
B 4 =HIZFFEMETE Bode B

Fig.4 Bode diagram of controller H and
reduced-order controller H,

4 fAESH

e P S |, R B E 3 BT AY AR 4 4 A
I A ) s 25 A | B XN [ 3 E PSCAD /
EMTDC 5 MR 48 R B0 vk 5 T F B A2 S8 PI 4 il 25 1F
Xt oA EIE
4.1 EimRGEMEE

Pah 1. 8% 1=1s B, R 2 30 F UL R
)52 FL 900 42 ) 2% 1 P R 8 BT E 1.02 pou, A
ST B AN ) 4 i e A T HE P R R an B 5 BT

102 10"

= 0015 JorEfl pr

N

s

ﬁ 0 AL

A

B _0015 L e ‘
0 4 8 12 16 20

t/s
5 #HEh | TEHBREANEMERE

Fig.5 System frequency deviation before and after
adding controller under first disturbance
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Design of HVDC additional frequency controller
based on variable structure control theory
ZHAO Lei,LIU Tiangi, LI Xingyuan
(School of Electrical Engineering and Information,Sichuan University ,Chengdu 610065, China)

Abstract: Aiming at frequency oscillation problem caused by fault disturbance or load switching in power
system,a design method of HVDC additional frequency controller based on variable structure control theory
is proposed. The low-order linear model of the system is identified using TLS-ESPRIT algorithm,the HVDC
additional frequency controller is designed based on quadratic optimal variable structure control,the
frequency oscillation caused by unbalanced power in AC system is suppressed by fast regulation DC power,
and the controller parameters are optimized with minimax principle and improved particle swarm optimization
algorithm. A simulation model of a real power grid is set up by PSCAD/EMTDC to compare the proposed
controller with the traditional Pl controller. Simulative results show that the proposed controller can better
suppress the system frequency oscillation caused by different faults and significantly improve the system
frequency stability with strong robustness.

Key words: HVDC power transmission; variable structure control; improved particle swarm optimization

algorithm; minimax problem; additional frequency controller



