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Abstract

High voltage direct current transmission system based on grid commutation
converter ( LCC-HVDC ) is one of the main ways to realize the long-distance and
large-capacity transmission of new energy power in the ' Shagehuang ' area of
northwest China. With the continuous growth of the proportion of new energy, the
problem of reactive power imbalance caused by DC commutation failure is more
serious, which aggravates the transient overvoltage at the sending end, and even
causes the new energy unit to be off-grid, affecting the delivery and consumption
of new energy. Based on the structure and overvoltage mechanism of the sending
system, this paper constructs a transient overvoltage suppression framework for
large-scale new energy through DC sending system, which effectively suppresses
the transient overvoltage caused by commutation failure. The main work is as
follows :

1 ) The structure, mathematical model and control strategy of large-scale new
energy DC transmission system are clarified. The causes and evolution
characteristics of transient overvoltage in LCC-HVDC system under commutation
failure are analyzed. Aiming at the conduction ability of transient overvoltage, the
voltage response characteristics of new energy base during fault are analyzed.
Based on the power-voltage relationship model, this paper constructs a quantitative
relationship between overvoltage level and power fluctuation, and systematically
analyzes the main driving factors of overvoltage. The research reveals that the root
cause of the transient overvoltage at the sending end lies in the superposition effect
of the reduction of DC reactive power consumption and the reactive power increase
of the filter. The two together lead to the redundancy of the reactive power at the
sending end, which in turn leads to the transient rise of the voltage. The reduction
of the strength of the sending end power grid will further aggravate the severity of
the transient overvoltage.

2 ) A transient overvoltage suppression strategy based on improved DC control
is proposed. For the rectifier side, aiming at the problem that the conventional PI
constant current control over-overshoots the DC current command during the fault
period and causes the current to be too low, based on the nonlinear control theory,
a second-order sliding mode constant current control strategy is proposed. On the
basis of meeting the basic requirements of current control, the current overshoot is
effectively reduced and the reactive power consumption of the rectifier station is
improved. For the inverter side, aiming at the problem that the conventional current
command cannot effectively suppress the transient overvoltage during the fault
period, a current command optimization strategy considering the feasible region of

II



5| IV 2 1 R DATS'S

DC current is proposed. During the fault period, the command is dynamically
adjusted according to the system state, so as to realize the effective suppression of
transient overvoltage. The correctness of the proposed strategy is verified by
simulation.

3 ) A transient overvoltage suppression framework for large-scale new energy
transmission system with new energy participation is constructed. Firstly,
considering the nonlinear characteristics and reactive power absorption capacity of
new energy units, a new energy second-order sliding mode reactive power control
strategy is proposed according to the local voltage characteristics of new energy.
Combined with the proposed improved DC control, a transient overvoltage
suppression framework for large-scale new energy through DC transmission system
is established to form a complete and effective transient overvoltage suppression
scheme to ensure the safety and stability of new energy units. Based on the
empirical analysis of a UHV DC demonstration project and its supporting new
energy base in Northwest China, the performance of various control strategies in
transient overvoltage suppression is compared, and the effectiveness of the

proposed transient overvoltage suppression scheme is verified.

Keywords: Transient overvoltage at sending end, commutation failure, LCC-
HVDC, nonlinear control, large-scale new energy
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AR AT B V14, AT DRAR S RUBE A DR FRAE TR BT b, VR T BT () ~F 1l
=y =Bliibl N

A
X2

S WERE
TN .

BB

L]

Bl 3-1 v A 4 i) Je 2R
ARSI P TR ) B, B HBEEERIES 59 Ke ek, #id
b, HERISGHYIERICIER, REURE PTG BHR O SR AT . (H
SEPRN A, S RAE . PATER SRR S S B HA E . EOCRI S,
TR A o) ) T A T R SROIRAS R DU A BT, T %o S
PROEJE 2 IEAH IS, B S B TR Hh xE DU 8 () 8 )

22



5| IV 2 1 R DATS'S

T RAR GE R AR AR SR PR BT, T RGUIRES R i)™ A% BR 2 T 1 1
M e B 5y i, FEEHRIE A B 3-2 7, u Mu 7 54w F
FEHIZR, s(x) =0ARRIEHRIE, T o WL 7RSS SAERHRIEN T #iz3)
BAR o XPP AT N AU PR HIRE L, 3R] BEXT A G Re e PRI AN RIS I
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EIRA o XM Z R T 7wt ae, E i A EER S A A T
& 48 M B ) TP A B SRR R, AT SEI 1 52 P . S ARE 9l R .
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