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Table 2 Voltage interaction factor MIIF between

HVDCs before optimization

. MIIF

it Rec, Inv, Rec, Inv, Recs Inv;
Rec, 1.0000 0.1028 0.0942 0.2149 0.0503 0.2445
Inv, 0.0674 1.0000 0.2954 0.1103 0.0376 0.0630
Rec, 0.0798 0.3814 1.0000 0.1478 0.0549 0.0818
Inv, 0.1681 0.1306 0.1355 1.0000 0.1532 0.3427
Rec; 0.0493 0.0558 0.0629 0.1918 1.0000 0.0928
Inv; 0.1490 0.0579 0.0581 0.2643 0.0573 1.0000
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Table 3 Voltage interaction factor MIIF between
HVDCs after optimization
MIIF
Rec, Inv, Rec, Inv, Rec; Inv;
Rec; 1.0000 0.0919 0.0862 0.1968 0.0479 0.2254
Inv, 0.0636 1.0000 0.2579 0.1208 0.0363 0.0535
Rec, 0.0719 0.3486 1.0000 0.1331 0.0521 0.0727
Inv, 0.1436 0.1199 0.1229 1.0000 0.1475 0.3146
Rec; 0.0421 0.0516 0.0493 0.1743 1.0000 0.0868
Inv;  0.1372 0.0534 0.0572 0.2516 0.0543 1.0000
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Table 4 Operating conditions of multi-infeed
HVDC system after optimization
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Table 5 Planned reactive-power capacity

A NS WA NS
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Nonlinear robust coordinated control of time-delay feedback excitation and
STATCOM for multi-machine power system
LIU Qing,ZHANG Lina

(School of Electrical and Electronic Engineering,North China Electric Power University, Baoding 071003, China)
Abstract: The power system with wide-area signals becomes a time-delay dynamic system due to the time-
delay of wide-area feedback signals. Pade approximation is adopted to implicate the effect of time-delay
section in the coefficients of system dynamic equations and a first-order differential equation is applied to
express the dynamic characteristics of STATCOM (STATic synchronous COMpensator) as a controllable
current source,based on which,the electromagnetic power expressions of multi-machine power system with
multiple STATCOMs are derived. Based on the pseudo-generalized Hamilton theory,a multi-machine power
system with STATCOM and time-delay feedback excitation is represented as a pseudo-generalized dissipation
Hamilton system. I, disturbance attenuation control method is used to design a coordinated control strategy
of STATCOM and generator excitation,which considers the time-delay of wide-area signals and the transfer
conductance. Results of the simulation for a four-machine two-area system show that,compared with
traditional decentralized controller,the proposed nonlinear robust coordinated controller with the consideration
of time-delay effect restrains the power system oscillation more effectively and is insensitive to time-delay to
a certain degree.
Key words: electric power systems; excitation system; electric generators; STATCOM; dynamic models;
pseudo-generalized Hamilton system; time delay; Pade approximation; 1, disturbance attenuation; coordinated

control
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Reactive power planning considering voltage interaction among
HVDCs for hybrid AC-DC system
YANG Di',CHENG Haozhong' ,MA Zeliang’, YAO Liangzhong®,ZHU Zhonglie’
(1. Key Laboratory of Control of Power Transmission and Conversion,Ministry of Education,
Shanghai Jiao Tong University ,Shanghai 200240, China;2. East China Grid Company Limited ,Shanghai 200120, China;
3. China Electric Power Research Institute, Beijing 100192, China)

Abstract: As multi-infeed HVDC greatly influences the safe and stable operation of hybrid AC/DC system,
a method is proposed to quantitatively calculate the system voltage interaction factor and average voltage
interaction factor between HVDC systems in hybrid AC/DC system. Furthermore,a reactive-power planning
method considering the voltage interaction among HVDC systems is proposed,which takes the minimum
voltage interaction as the objective of its upper layer while the minimum power-loss and minimum
investment as the objectives of its lower layer. Simulation and analysis for IEEE 39-bus extended system
show that the proposed reactive-power planning method improves the voltage stability of hybrid AC/DC
system.

Key words: voltage stability; voltage interaction; hybrid AC/DC system; reactive power planning; bi-level

programming



