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ABSTRACT: Line commutated converter based HVDC
(LCC-HVDC) has the problem of subsequent commutation
failure (CF)in the power recovery process after an inverter-side
concerning AC fault. The traditional control strategy without
AC system strength is not capable of dealing with different
operation conditions. Based on the real-time tracking of
Thevenin equivalent (TE) parameters of the AC system after a
fault, a current control strategy was proposed to suppress the
subsequent CF under different AC system strengths. Firstly, by
setting the voltage threshold and parameter constraints to filter
the effective measurement data, the least-squares method was
used to estimate the TE parameters. This estimation method is
independent of the initial value and can deal with the variation
of the system-side TE voltage. Secondly, the relationship
between the TE parameters on the inverter side and the DC
maximum power was derived. The control strategy based on
retaining power margin was proposed, which determines the
upper limit of DC current. Finally, the simulations prove that
the proposed estimation method can quickly track the TE
parameter; and the maximum current control instruction of
LCC-HVDC hased on the estimated parameters can effectively
avoid subsequent CF under variant system strength.
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Table 2 Actual control power assessment
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Fig. 11 Impedance estimation
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Table 3 Thevenin equivalent parameter estimation results

R R RS RS R E%
50 52.8 5.60 0.923 -1.28
60 66.0 10.00 0.9013 -3.60
80 73.1 -8.63 0.948 1.39
100 102 2.00 0.897 -4.06

RAGH T AR S S B TR ZE R ] D)
RIS, FEEMETHREG, MXT 2R AE
YRS ST RIS HI DA, ThFRA M AE-0.88%~
6.08%. FHEHFIMTRE G, 152 H] ERIK
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ST LA A B BR CRUE SN ] J5 S 4l I

F 4 BERHTHREIHESIBRAEN
Table 4 Influence of estimation error on control effect

FEUER 4P AT e
G s oo o RES
ST RS SRR EHIE )
mH - - RFEI%
Hifipu  hER/MW Hifipu  TIE/MW

50 0.947 792 0.900 785 —-0.88

60 0.835 747 0.752 727 —2.68

80 0.679 697 0.735 719 3.16
100 0.575 641 0.622 680 6.08

4.3  BIEJIEIR 3T HI R R MG
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AN BE SN B TR A E ] . 26 5 45 T AR
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#2204 30ms KM . — ORI FL it i 2 A
M IS (A /NT 20ms, TEBREAEIR 15 LT
AR R SRS AR IR A 2K
x5 ERIHTHEIFRAVFM
Table 5 Effect of delay on the control effect

HUB/MH  EHUMG T %) 1.08s ML 1.09s ML RS
50 1.03 0.45 0.62 0.900
60 1.05 0.54 0.63 0.752
80 1.05 0.45 0.80 0.735
100 1.05 0.35 0.54 0.622

4.4 FEESLFRIIZRE

Sefr TR — R A ABB Bi SIEMENS %4 %
45, HisHHES CIGRE My AP, FREX 5
TEIEAEMN . ABB K FH T I A 4%, 536 HepH ok
Weri ohRe, Wl 12 fis. SIEMENS #i & 40
SEHUE . S8 LA E RS IR A I BT IR FAE A,
Kl 13 fios.

FRAE SCHR[23] 05 B b, 2 FlsEBRizihil R4
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P! \/_/l
~
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Fig. 12 Basic control strategy of ABB model
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Fig. 13 Basic control strategy of SIEMENS model
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Table 6 Comparison under ABB and SIEMENS methods

&/ CIGRE If#t ABB I&F Il 5 HE= KX
mH  fERIERR EHRR P (159409 HE
50 0.97 MR AHARW 0943 0.947
60 0.95 AR AHMLK 0928  0.835
70 0.88 AR AR 0919 0.747
80 0.80 0.91 0.88 0.908  0.679
20 0.73 0.865 0.85 0.893  0.622
100 0.65 0.82 0.8 0.873 0575
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Line commutated converter-based High \oltage
Direct Current (LCC-HVDC) has the issue of the
subsequent commutation failure (CF) in the power
recovery process after the first CF. The traditional methods
do not take into account the change of the AC system
strength and are not adaptive to the various post-fault
operating conditions. Based on the real-time tracking of
Thevenin equivalent (TE) parameters of the AC system
after a fault, a control strategy for limiting HVDC
current is proposed to suppress the subsequent CF while
considering different AC system strengths.

Firstly, the valid measurements are selected by the
voltage threshold and then used to estimate the TE
parameters by the least-squares method. This estimation
method is independent of the initial value and can deal
with the variation of the system-side TE voltage. Based
on the derivation, it can be concluded that when

ldU ||= 1/ k% +1) || dE || 1)
the error of the impedance estimation E,<k%. Where dU
is the deviation of the adjacent voltage measurements,
dE is the deviation of the adjacent TE voltage
measurements. To this end, the final threshold is
determined as ||dU|>0.165. The measurements beyond
the threshold are selected to estimate the impedance.

Secondly, the relationship between the TE
parameters on the inverter side and the HYDC maximum
power is derived as (2):

_ 3SN?E?*(cos2y —cos2p3)

4nX,[(1- XB+ X / X )? + X2G?]
where Pd is the active power of the HVDC; E and X are
the amplitude of the TE voltage and the TE impedance; S
is the number of series bridges; N is the transformer ratio;
7 is the extinction angle; g is the ignition advance angle;
Xq is the commutating resistance; Xc is the reactance of
the filter; G+jB is the equivalent susceptance of the
HVDC, which is related to the HVDC parameters and
regulation angle. The current control strategy based on
power margin is shown in Fig. 1. Smaller current in the

2

d

S4

power-current curve is selected as the HVDC current

limitation.

ADC current 5% power margin

Select the smaller current as the
control instruction

Active power

Fig. 1 Current control instructions

Finally, the simulations prove that the proposed
estimation method can quickly track the TE parameters,
and the maximum current control instruction of LCC-
HVDC based on the estimated parameters, and can
effectively avoid subsequent CF under various system
strengths. As shown in Fig. 2, the critical
non-commutation failure current is firstly obtained by the
simulations. Under different AC system strengths, the
proposed control current limitation is all below the critical
control current, which can suppress subsequent
commutation failures. When the short-circuit ratio of the
system is lower than 2.8, the traditional method based on
the measurement of the AC voltage and angle constraint is
greater than the critical control current, and the subsequent
commutation failure cannot be suppressed.

O Critical CF current from the simulations
12 Control current under 7 =15°, 3 =40°

O Proposed conrol current

10+¢

DC Current/pu

0.8F

0.6

2.5 3.0 35

Short circuit ratio

15 1.0

Fig.2 Comparison of different limiting current methods



