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Improved current differential protection for two-terminal weak feed AC system
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Abstract: The transmission of renewable energy via flexible DC systems has become an inevitable development trend for
large-scale renewable energy grid integration. The associated two-terminal weak feed (TTWF) AC systems are often
composed of 100% power electronic equipment. Traditional fault control strategies adopted by the converters at both ends
of the line after a fault lead to limited fault currents, thereby reducing the effectiveness of conventional differential
protection. Based on the challenges in current differential protection in TTWF AC systems under conventional control
strategies, a current differential protection scheme based on negative-sequence control coordination strategy is proposed.
First, the fault characteristics of TTWF AC systems are theoretically derived, and a boundary function is presented to
quantitatively assess the performance of current differential protection actions. Secondly, the action boundary and
sensitivity of current differential protection with the improved fault control coordination strategy are analyzed. Finally,
combining the action boundary, sensitivity and adaptive function, an improved current differential protection scheme
based on adaptive function is proposed. Simulation results show that the proposed protection scheme can reliably identify
faults even under conditions of a 300 Q fault resistance and 25 dB noise interference. It is well-suited for the protection
requirements of TTWF AC systems under various scenarios and demonstrates higher sensitivity.
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Fig. 1 Topology of the two-terminal weak feed AC system
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Fig. 8 Improved differential protection relationship
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Fig. 9 Improved current differential protection scheme
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Table 1 Three-phase I ,/I,, and sensitivity coefficients for
different types of internal and external faults

[0 S
fE KM A BM CH  AM BM CH

AG 6.637 0.076  0.191 8296 0.095 0.239
/i AB 5.681 1.056 0.072 7.101 1.320 0.090
(X A) ABG 6.298 5253 0206 7.873 6.566 0.258
ABCG 8.187 8.045 7.859 10.234 10.056 9.824
AG 0.043 0.079 0254 0.054 0.099 0.318
S AB 0.033  0.041 0.056 0.041 0.051 0.070

(K4F) ABG  0.043 0031 0078 0.054 0.039 0.098
ABCG  0.043  0.042 0.043 0.054 0.053 0.054
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Fig. 11 Improved current differential protection performance

under different fault resistances
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Table 2 Comparison of current differential protection

performance under different fault resistances

T K. PR R T /ms
HFL/Q A B Al CHH A B #fl CHH
10 8.38 0.26 0.08 9.32 — —
100 9.44 0.16 0.20 10.69 — —
200 2.54 0.16 0.18 18.97 — —

300 1.33 0.16 0.16 28.84 — —
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Fig. 12 1 /I, under different fault conditions
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Table 3 1 ,/I,, and protection identification
time at different internal fault location
[ (] Ly/Ly LRAF IR T 8] /ms
XE KA AMl BM CcHMl AMl BM  CHM

AG 6.65 0.07 0.20 9.56 — —
AB 5.51 1.08 0.07 8.70 16.07 —

f ARG 62 529 021 02 em  —
ABCG 784 779 753 1012 810 530

AG 373 020 008 1007 —  —

P AB 676 LIl 007 817 1566 —
 ABG 681 314 011 977 751 —
ABCG 970 970 984 955 834 473

AG 222 026 009 1001 —  —

; AB 822 140 006 729 1452 —

ABG 7.78 1.67 0.09 8.91 7.68 —
ABCG 4.53 4.56 4.72 8.87 8.54 4.43
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Table 4 Fault time identification of the proposed protection

scheme under different fault types

ms
s e 5 L i 22 3 (R 4 A Y L B R
KA AM B CH  AM  BM CH
AG 19.83 — — 10.07 — —
AB 1555 18.72 — 8.17  15.66 —
ABG 1894 1821 — 9.77 7.50 —

ABCG 18.08 16.56 13.11 9.55 8.34 4.73
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Fig. 13 Comparison of resistance to fault resistance of

current differential protection
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Table 5 Impact of different noise on protection performance

[cd/17d
[t I 75 /dB

A B Hi CcH
40 3.71 0.07 0.15
35 3.85 0.08 0.21

AG
30 3.58 0.08 0.21
25 3.71 0.08 0.21
40 6.82 1.13 0.07
35 3.90 1.11 0.07
AB
30 7.09 1.08 0.07
25 7.08 1.04 0.07
40 6.79 3.11 0.10
35 6.92 3.16 0.11
ABG
30 6.91 3.05 0.07
25 6.43 3.13 0.12
40 9.82 9.65 9.85
35 9.75 9.58 9.99
ABCG
30 9.73 9.81 10.23
25 9.68 8.98 9.06
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