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Virtual three-terminal current differential protection for distribution networks considering
unmeasurable T-connected loads
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Abstract: Using current differential protection can solve the feeder protection issue caused by the connection of a high
proportion of distributed generations to the distribution network. However, when there are unmeasurable T-connected load
branches in the feeder, differential protection can only use the data from both terminals of the protected line to construct
criteria. This affects its performance. To address this issue, the impact of unmeasurable T-connected loads on traditional
two-terminal current differential protection is analyzed first, and then a virtual three-terminal current differential protection
method is proposed. This method equates the unmeasurable T-connected branches inside the protected line to a virtual branch,
estimates the current phasor of the virtual branch using voltage and current data at both terminals of the line before and after a
fault, and finally forms a three-terminal current differential protection criterion together with the current phasors at both
terminals of the feeder. The simulation results show that this method can meet the protection requirements of distribution
networks in different scenarios without the need for T-connected load measurement data and has higher reliability and
sensitivity than traditional current differential protection.
This work is supported by the National Natural Science Foundation of China (No. 52077124).
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Fig. 1 Distribution line with unmeasurable T-connected loads
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Fig. 2 Positive sequence equivalent network of the line

with multiple T-connected loads
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Fig. 3 Amplitude-phase relationship diagram of traditional

current differential protection
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Fig. 4 Positive sequence equivalent network during normal

operation after T-connected loads are equivalent
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Fig. 5 Positive sequence equivalent network during internal

fault after T-connected loads are equivalent
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Fig. 6 Distribution network model with T-connected loads
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Table 1 Load parameters in the simulation model
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Fig. 7 Calculation results of virtual branch current

when external faults occur

s, R A(D)—RQ)IERE S B ZES)
RITTIEAE XTI, g TriER Hsh R#E K, B
0.5, FEAN[A) AR B E 3.1 9 AR SR 3 i &% A 5 A g
s, Frig ik 5 mEs /i i B R
W 3 fros.

T2 EMERERITESER

Table 2 Calculation results of virtual branch current
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Fig. 8 Calculation results of virtual branch current

when internal faults occur
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Table 3 Simulation results of the proposed method and the traditional current differential protection method
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ABC 4698.62/-137.03°  305.58./-150.08°  67.57./-102.01° 5051.71  939.72 v 4996.76  2200.70 v
’ AB 2430.04 £-135.88°  181.73/-12536°  81.22.52.26° 252850  486.02 J 2608.97  1125.80 J
: ABgl Q  1471.12£-119.01°  119.50.£-89.51° 150.63.,48.23° 143123 29423 J 1576.26  684.19 J
ABgl0Q  44332./-117.41° 76.90 £ -32.50° 207.65./58.29° 25997  88.66 J 456.61  221.59 J
ABC 2629.52./-140.67° 317.02/-149.08°  41.97./64.92° 293098 52591 J 294350  1158.20 J
/ AB 1392.30/-138.32°  186.37./-126.11°  119.01.£58.10°  1460.34  278.47 J 157498  605.40 N
’ ABgl Q  1047.54£-12626° 137.43£-101.05°  153.50.£52.49° 102030  209.51 J 117335  462.53 J
ABgl0Q  412.97./-120.85° 84.60 £ —41.24° 205.80.£58.02°  239.00  82.60 v 43626  203.16 v
ABC 1848.66 £ —-141.65°  329.30/-147.46°  36.77..59.39° 214246  369.73 J 2176.53  760.71 J
7 AB 1000.49./-138.10°  191.24./-126.76°  131.80.£58.10°  1061.43  200.10 J 1188.59  406.93 J
! ABgl Q  82698./-126.16°  150.24./-107.04°  155.16./53.83°  812.66  165.40 v 967.81  345.06 J
ABglOQ  388.91./-122.93° 91.69 £ -49.47° 204.12./57.63° 22773 7778 J 42423 186.65 J
ABC 1727.072-139.29°  1636.58 £39.60° 94.35 /59.88° 1.84 345.42 X 96.19  1681.80 X
y AB 941.40 £~135.66° 787.29 £ 41.34° 160.01.£59.14° 0.60 188.28 X 160.57  864.05 X
ABgl Q  785.07.£-127.90° 611.18.£50.73° 174.74 £ 56.78° 0.35 157.01 X 174.67  698.08 X
ABgl0Q 38173 £-122.96° 17439 /54.91° 207.83 ./ 58.80° 0.28 76.35 X 207.57  278.02 X
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Table 4 Calculation results of the proposed method with

0.5 ms synchronization error being added

WAL R Lo/ A Ty /A IJ/A  ZfF?

ABC 47.70 81.20 150.42 X

f AB 36.38 52.69 89.96 X
ABgl Q 22.66 26.49 95.47 X

ABgl0 Q 11.38 4.52 113.61 X

ABC 417.67 5320.76 2349.30 v

£ AB 195.89 2663.99 1215.04 v
ABgl Q 107.77 1508.71 735.57 v

ABgl0 Q 15.39 275.63 221.66 v

ABC 204.11 3063.52 1314.76 v

1, AB 89.32 1526.67 696.17 v
ABgl Q 60.50 1067.57 523.77 v

ABgl0 Q 10.29 252.08 206.49 M

ABC 159.30 2225.04 92433 v

£ AB 67.04 1101.03 500.25 v
ABgl Q 49.91 844.04 413.39 v

ABgl0 Q 9.66 238.35 194.45 v

ABC 240.78 436.82 863.55 X

1 AB 107.80 205.81 470.70 X
ABgl Q 81.84 160.50 392.54 X

ABgl0 Q 18.14 45.18 190.87 X
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Table 5 Simulation results of the proposed method

with “large difference”

[ E St I./A I /A IJA  EhiE?

ABC 124,63  6242.17  1170.94 v

p AB 61.31 311571 615.70 v
ABgl Q 32.28 164277 364.98 v

ABgl0 Q 5.19 270.26 124.51 v

ABC 90.41 5046.62  944.98 v

1 AB 4454 252602 504.41 N
ABgl Q 24.98 142971 320.80 N

ABgl0 Q 4.42 259.74 121.21 N

ABC 81.65 296393  541.85 v

£ AB 40.16 1476.64  302.20 N
ABgl Q 27.62 1031.58  237.64 v

ABgl0 Q 6.34 241.73 115.05 v

ABC 11696  2192.85  389.88 v

1 AB 57.46 108626 226.20 v
ABgl Q 43.54 831.73 194.39 v

ABgl0 Q 12.06 233.09 110.24 v

ABC 13.07 13.14 366.94 X

P AB 6.02 6.11 215.32 X
ABgl Q 4.59 4.71 186.44 X

ABgl0 Q 1.24 1.29 108.78 X
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