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Impact of T-connected transient currents on current differential protection in active
distribution networks and its mitigation method
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Abstract: To address protection issues arising from distributed generation integration, current differential protection has
been increasingly applied in active distribution networks. In distribution feeder sections, T-connected load branches, such
as transformers or induction motors, are commonly present. The non-fault transient currents generated by these branches
may lead to the maloperation of current differential protection. Focusing on this problem, this paper analyzes multiple
scenarios where T-connected transient currents may cause differential protection maloperation. Based on the
characteristics of transient current waveforms, a blocking scheme based on the attenuation characteristics of the
positive-sequence component of the differential current is proposed. This scheme employs the Fourier algorithm to extract
the fundamental current amplitude and distinguishes fault differential currents from non-fault transient differential
currents according to the attenuation rate of the positive-sequence current amplitude. Simulation results and field data
verification demonstrate that the proposed scheme can effectively avoid the risk of protection maloperation caused by
T-connected transformers or induction motors without compromising the sensitivity of current differential protection.
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Fig. 1 Protected section with T-connected transformers or IMs
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Fig. 4 Differential current waveforms of MN section for Case C
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Table 6 Simulation results of section BB, for case 5

(taking phase A for example)

[0 S (S Kod oo o/ LKA pi% i
AR kA kA B il
. AC 0.28 0.14 0217 23.0 Ea

' ABC 036 0.24 0217 27.3 i
. AB 0.27 3.94 0.217 23.4 =
ABC 032 4.54 0217 267 5

£7 Z0 6 1B TXE B BMAELER (LA HAH)
Table 7 Simulation results of section BB, for case 6

(taking phase A for example)

M 5 Ty o/ Koo, o/ 1A % Py
/% kA kA Bk 17
25 0.098 0.132 0.173 26.4 =
50 0.20 0.175 0.173 25.8 %
75 0.274 0.201 0.173 274 %
100 0.365 0.236 0.173 28.3 5
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Table 8 Simulation results of section B;;B;, for Case 6

(taking phase A for example)

i Lo/ Kalodd  p an ey 2T
FLRH/Q kA kA Bk 1)
0.01 7.93 3.1 0.26 2.08 2
1 3.84 1.51 0.26 1.38 2
5 1.087 0.442 0.26 0.84 2
10 0.614 0.261 0.26 0.85 &
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Fig. 9 Simulation waveforms when the fault resistance is 0.01 Q
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Table 9 Simulation results of section ByB,; for Case 8

-15 .
7000 7020

(taking phase A for example)

‘ﬂl ﬁ% I diff A/ K ml rssiA/ Ithd /KA P /% ﬂb‘f?ﬂ:

HA kA kA B 1)

AC 6.47 227 0.06 0.36 =

ABG 7.56 2.99 0.06 0.43 2

ABC 8.30 2.79 0.06 1.53 2
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Table 10 Simulation results of section BB, for Case 9

(taking phase A for example)

M K7 Idlff’/\/ Kmlm’/\/ 1,/KA pI% e

kA kA B il
ANRTHENL 051 0.30 0.26 28.55 5
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IKEEE H 0.38 0.23 0.26 18.32 =
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TolkZgar daal 0.33 0.10 0.26 68.73 5
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Fig. 10 Field inrush current waveform
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Fig. 11 Waveforms of three-phase current and its positive

sequence current amplitude
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Table 11 Calculation results for the real case
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BT B 1.09 0.54 1.15  11.14 i
C 1.01 0.50 1.15
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Fig. A1 Generation process of inrush current
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