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Fig.1 Equivalent circuit of AC-DC
interconnected system
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Table 1 Amplitude and phase of equivalent power-
frequency current under different AC bus voltages

SEPERF QU FE KV BTRARN / (°) IR /KA

62 89.7217 2667490 14351
55 88.8217 ~66.9415 1.4533
50 88.0188 ~67.1433 1.4692
45 87.0195 ~673931 1.4885
40 85.7712 ~67.7687 15132
35 84.160 1 ~68.2972 1.5449
30 82.0111 ~69.0452 1.5862
25 79.0508 ~70.1646 1.6429
20 747775 ~71.8806 17239
15 68.1951 ~74.5655 1.8428
10 613044  —121.3352 13775
5 393608  -123.8733 18574
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Fig.3 Variation of equivalent power-frequency
current amplitude and phase
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Fig.5 Schematic diagrams of circuit superposition
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is in the second quadrant
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Criterion of HVDC line differential protection blocking
based on spectrum comparison
LI Aimin',CAI Zexiang?,SUN Qizhen?,XU Min*
(1. Guangdong Power Grid Corporation, Guangzhou 510640, China;
2. School of Electric Power Engineering,South China University of Technology,Guangzhou 510640, China;

3. Guangzhou Power Supply Bureau Co. Ltd.,Guangzhou 510600,China;4. EPRI of CSG,Guangzhou 510640, China)
Abstract: Aiming at the long operation time of HVDC line differential protection,a blocking criterion based
on spectrum comparison is proposed. The spectrum characteristics of differential current are analyzed and
the analytical results show that,it contains more DC component during the in-zone fault while contains
more 50 Hz and 100 Hz components during the out-zone fault,according to which,a blocking criterion is
designed. With high reliability and low sampling frequency,it identifies the in-zone and out-zone faults
efficiently. A simulation model is built with EMTDC based on an actual HVDC system and the simulative
results show that,the differential protection is blocked during the out-zone fault according to the proposed
criterion, improving the protection reliability.

Key words: HVDC power transmission; relay protection; differential protection; blocking; spectrum
analysis; reliability; computer simulation; failure analysis
o empeoe ettt oottt —heempe e e

(L#% 114 W continued from page 114)

Transient characteristic of HVDC system during commutation failure,its effect on
differential protection and countermeasures
SHEN Hongming, HUANG Shaofeng,FEI Bin

(State Key Laboratory of Alternate Electrical Power System With Renewable Energy Source,
North China Electric Power University,Beijing 102206, China)

Abstract: The relation between equivalent power-frequency current and converter bus voltage during the
commutation failure of DC system is obtained based on the CIGRE HVDC benchmark model. The criterion
expression of current differential protection for AC-DC interconnected system is deduced and the differential
protection connected to DC power system for transmission line is analyzed. The analytical results indicate
that,the differential protection may reject to act when in-zone fault occurs in AC-DC interconnected
operation. It is proposed to detect the internal fault based on the amplitude criterion. Simulative results by
PSCAD/EMTDC validate the correctness of theoretical analysis and the effectiveness of proposed criterion.

Key words: HVDC power transmission; commutation failure; transients; transient characteristic; equivalent

power-frequency current; differential protection; relay protection; amplitude criterion
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