FBXXE FHXXM [ B == Vol. XX No. XX
XXXX A4 XX H JOURNAL OF XI’ AN JIAOTONG UNIVERSITY XXXXXX

ZBEREFVIHRFIER HVDC 2
SEEN RE T EROKRR

FAEF LA R EET KA
(1. P38 RS T RE2ERE , 710049, BEVE P22 5 2. [ 5 B AT PR /] P AL 4358,
710048, PG V%)

WE: AMAJ[ELAME R ALEEBTH XERT D44 K S AP F B9 8 547 Awnds
Wik Z XK BFHESRENNTRERTREGFEE, AXMET AT EEIERRUTEHG
HARGARASHEAY, FRE—MIBEREBTE Sk, BLALHAREIACR, BRBRL
TR, FARXARRAGWE KB, EXREHI6M6ST RAA LG ALEREY, IRT XA
B HFROBEENARE T ECEERS ARG E—&, REEHNAI%UAA; ATF
B AR A9 I R b I B 8] i AR 5 B ST A R A R, BE T AR AR A A KT A
A AR . AIEA L T ARG A EMEREE A, ERATAEAARAANE ) RAES
AT IS,

KER: BmERER; RARME, BREXTE; RETETHELTE

RESES: XERFRARTD: AA

XEHS: 0253—987X(XXXX)XX—0001—19

Steady-State Modeling of HVDC Considering Complex
Control Switching Characteristics and Solving for System
Equilibrium Points

WU Jiaze',FAN Yue’,NIU Shuanbao’, WANG Ying”, DUAN Chao'
(1. School of Electrical Engineering, Xi’an Jiaotong University, Xi’ an, Shaanxi Province
710049, China;
2. Northwest Branch of State Grid Corporation of China, Xi’an, Shaanxi Province 710048,
China)

Abstract: To address the issues of large initialization errors in electromechanical transient simulation
and insufficient reliability in static security analysis caused by diverse control modes of high-voltage
direct current (HVDC) systems under varying operating conditions, this paper constructs a steady-state
model of HVDC systems based on a complete set of nonlinear switching algebraic equations. An
alternating iteration decoupled solution method is proposed, which sequentially updates the DC
injection current and solves the network equation to achieve the coordinated solution of the AC-DC
system. Simulation results on a modified 16-machine, 68-bus system demonstrate that the post-fault

rotor angles and bus voltages computed by the proposed method are highly consistent with time-domain
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simulation results, with errors controlled within 1%. The critical clearing time calculated using the

equal-area criterion shows good agreement with time-domain simulation results, verifying the

effectiveness of the proposed model in capturing the mode-switching behavior of the HVDC system.

The proposed model and method can accurately solve for the post-fault equilibrium point and are

suitable for the security and stability assessment of power systems incorporating HVDC transmission.

Keywords: high voltage direct current; steady state modeling; control mode switching; pre-fault and

post-fault equilibrium point calculation
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