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Fig.1 Wiring diagram of AC and DC system at
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Fig.2 Equivalent circuit for calculation of

commutating bus voltage
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Fig.3 Wiring diagram of 12-pulse inverter
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Fig.4 Isometric triggering mode of inverter
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Fig.5 Inverter triggering process under commutation

voltage phase deviation
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Fig.6 Influence of different firing angles on

extinction angle
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Fig.7 Improved triggering mode of converter
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Table 1 Phase deviation of three-phase voltage
under different line lengths
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3+ j42 100 5.75 0.63 0.40
3.6 +j50.4 120 6.67 0.72 0.44
4.2 +j58.8 140 7.71 0.94 0.59
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Table 3 Phase difference of adjacent commutation

voltage after fault trip in Case 2
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Online monitoring of transient stability based on largest Lyapunov exponent
dynamic characteristics of response trajectory
HUANG Dan,SUN Huadong,ZHOU Qinyong,ZHANG Jian,JIANG Yilang,ZHANG Yichi
(State Key Laboratory of Power Grid Safety and Energy Conservation,China Electric Power Research Institute,
Beijing 100192, China)

Abstract:On the basis of stability criterion theory of LLE(Largest Lyapunov Exponent) in nonlinear dynamic
system, the online monitoring method of system model-free transient rotor angle stability is researched. An
improved LLE estimation method is proposed, which is adopted to analyze the dynamic characteristics and
key features of LLE of the relative rotor angle response trajectory. On this basis,a transient stability moni-
toring method based on the LLE dynamic characteristics of response trajectory is proposed. Aiming at the
practical problem of incomplete PMU (Phasor Measurement Unit) placement, an online transient stability
monitoring scheme based on the critical generator pair is proposed to reduce the computational cost and
speed up the stability monitoring. The simulative results of IEEE 10-generator 39-bus system verify the
effectiveness of the proposed scheme.
Key words: transient stability monitoring; largest Lyapunov exponent;response time series; critical generator

pair; wide-area information

(E#% 24 W continued from page 24)

Influence mechanism of single-phase tripping on commutation process and
suppression strategy of continuous commutation failure
ZHAO Sheng, LI Botong,LI Bin,YAO Bin
(Key Laboratory of Smart Grid of Ministry of Education,School of Electrical Automation and Information Engineering,
Tianjin University, Tianjin 300072, China)

Abstract: The phase characteristics of the voltage at the converter busbar after the single-phase tripping of
inverter-side AC system due to the grounding fault are studied. The theoretical analysis shows that cutting
the fault phase of AC system will change the phase difference of the inverter commutation voltage. On
this basis, the inverter commutation process after single-phase tripping is analyzed, which shows that under
the existing equal interval triggering mode,the commutation process of the DC system will be affected, and
there is even the risk of commutation failure. Therefore,a commutation failure judgment method based on
the amount of trigger angle deviation is proposed, which can reliably determine whether the single-phase
tripping under the current system parameters will cause continuous commutation failure. Based on the
phase difference of the commutation voltage,an inverter triggering method suitable for the single-phase
tripping of inverter-side AC system is proposed to suppress the commutation failure. The results of PSCAD
simulation show that the proposed commutation failure judging method can reliably predict the commutation
failure caused by single-phase tripping, and the proposed converter triggering mode can effectively suppress
the continuous commutation failure.

Key words: HVDC power transmission; single-phase tripping; trigger angle deviation; converter triggering

mode ; continuous commutation failure ;suppression method
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Table E3 Correspondence between ; and phase of commutation voltage

i AR 1 HerH fE 2 i HAHHE 1 HAHHLE 2
P1 Use —Ue [ Uca Ue

] —Ue Upe 2] u; Ugp

93 Upe Uy P9 Uey U,

?4 Uy Upa 910 Uy Uzp

¥s Upa -, o1 Uzp U,
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FRFLAEERER. &EBEH. TEFFHNE 2 LIER TEERE 5T IR F20m
Table C1 Effect of fault trip on commutation process under different DC current, line impedance and transformer leakage reactance
percentage

WS AR A B AT (D LR RAH RN

HRAERKA R IEFHTUQ
JRPUE s H12% JebiE o th15% P 4 Hh18%

09+112.6 1.48 % 152 % 1.54 i

18+j252 275 F® 286 A 201 A

24+j33.6 3.64 5 371 & 3.82 5

. 3+j42 4.37 ZiS 453 = 4.72 g
3.6+ j50.4 515 % 5.45 & 5.68 2

42+i58.8 581 s 6.18 = 6.47 2
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3+ j42 5.40 o 5.59 0 5.75 2
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TableG1Calculative values of ¢; and Aa,, in Case 1

ol (°) Aa, 1 C°) ol (°) Aa, 1 C°)
30.70 -0.7 30.70 -0.7
30.00 -0.7 30.00 -0.7
29.97 -0.67 29.97 -0.67
28.90 0.43 28.90 0.43
29.32 111 29.32 111
3111 0

R E2EF 2P HEBEN g 5 A0, 8
TableG2Calculative values of ¢; and Ao, in Case 2

ol ) Aa, 1 C°) ol C°) Aa,l )
32.21 -2.21 32.21 -2.21
30.06 227 30.06 2.27
29.73 -2.00 29.73 -2.00
26.91 1.09 26.91 1.09
27.95 3.14 27.95 3.14
33.14 0
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