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Fig.1 Schematic diagram of active distribution
network with unmeasureable branches
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Fig.2 Schematic diagram of negative sequence
impedance of external fault
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Fig.3 Schematic diagram of negative sequence
impedance of internal fault
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Fig.4 Schematic diagram of phase angle difference
of negative sequence current
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Fig.5 Schematic diagram of positive sequence
impedance of external faults
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Fig.6 Schematic diagram of 5G-based
channel protection
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Fig.7 5G-based rapid protection scheme for
distribution network faults
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Fig.8 10 kV active distribution network model

P8 i, A7 i ol At R 2B R BEL Y T T B e A
B, 53 SRR R 5 i FBELT A AT kA AR A, HoAR
T HE A BN 0.85, DG B HL AL A8 2 2
FETE 1 SFE R RGO IR, J5 &l TR A7
TE R PR, 45 (8 0 1E 7 F 45 v it U5, HLAR
9 e Horp Upg s I 2390120 DG X SPF{EHL
s Esr o Zor 200 0 SNE R GEH) SER0R 3
g ] R

B9 HELE DGENFHESEER
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Fig.10 Phase comparison results at 50 Q transition
resistance two-phase grounding fault
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Table 1 Negative sequence phase comparison
results in case of phase-to-phase faults  rad
) PR Q
3 10 30 100

S 3132 3132 3152 3.152  3.152

|2 0.932 0.926 0.925 0.638 0.506

/3 0.812 0.816 0.810 0.814 0.807

Ja 0.780  0.769  0.773  0.773  0.768

S 3.128  3.128  3.128  3.128  3.128

Je 3.128  3.128  3.128  3.128  3.128
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Table 2 Negative sequence phase comparison
results in case of two-phase grounding faults rad

el MR/

3 10 30 100
Ji 3.132 3.131 3.152 3.151 3.150
) 0.931 0.924 0.673 0.410 0.388
/3 0.812 0.806 0.811 0.711 0.695
fa 0.772 0.785 0.773 0.771 0.745
fs 3.129 3.128 3.128 3.128 3.129
fe 3.128 3.128 3.128 3.128 3.128
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Table 3 Amplitude differences of 30 Q

transition resistance faults kA
[ AL e EERE L
BCG  ABC
h 0.0259 0.026 1 0.0259 X
fa 0.1962 0.1319 0.202 6 Y
f3 0.1795 0.126 1 0.190 2 Y
J4 0.1619 0.1203 0.177 3 Y
fs 0.0251 0.0256 0.0250 x
Js 0.0251 0.0255 0.025 1 x
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Fig.11 The positive sequence current amplitude
difference of 100 Q two-phase grounding fault
0.040 [
S 00351 oIl
=
5 0.030 F
TL kereslTpi 1]
~ 0.025
L1~
0.020 : . . . '
0.9 1.0 1.1 1.2 1.3
t/s

12 600 Q FEEMEEFBERIEEE

Fig.12 The positive sequence current amplitude
difference of 600 Q two-phase grounding fault
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Table 4 Two protection criteria’s
action situation if out of step

/3 /s
FERR ) e e o
60 VvV Vv x x
120 v vV Vv x
180 x Vv Vv x
240 x vV Vv x
300 X vV X X
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Table 5 Negative sequence current

phase comparison results rad
o TE 53 ST A K/ (MV - A)
0.1 0.3 0.8 1.5 2.5
h 3.144  3.151 3.156  3.154  3.203
S 0.543  0.645 0.665 0.798  0.779
f3 0.670  0.715  0.665 0.773  0.803
Ja 0.779  0.774 0.768  0.813  0.743
fs 3.139  3.134  3.121  3.103  3.079
Js 3.139  3.134  3.121  3.103  3.078
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Table 6 Positive sequence current

amplitude differences kA

o Je e 53 3 5 A K-/ (MV - A)

[ VATS
0.1 0.3 0.8 L5 2.5

BCEERT 0.0055 0.016 1 0.0422 0.0780 0.127 4

S 0.0054 0.016 0 0.0418 0.0775 0.126 7

f 0.0402 0.0508 0.0767 0.1121 0.161 1

S3 0.0390 0.0494 0.0750 0.1100 0.158 3

Ja 0.0374 0.0478 0.0735 0.1085 0.156 8
fs 0.0054 0.0159 0.0417 0.0771 0.1259
Js 0.0054 0.0158 0.0417 0.0770 0.1259
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Table 7 Protect action when different
branch load impedance angles

A T TRy SR A/ rad
(R 0175 0436 0.698  1.047  1.483
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IEF(fy) X X X X X
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Table 8 Internal fault actions of the three types of
protections when different transition resistance
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Comprehensive protection scheme for lines with unmeasurable

branches based on 5G channels
ZHANG Jinhu', CHENG Yanxia', JIN Zhen®, SUN Bolong', SONG Zhiwei’, WEN Yu'
(1. State Grid Beijing Electric Power Company, Beijing 100031, China;
2. NR Electric Co.,Ltd.,Nanjing 211102, China)

Abstract: There are many unmeasurable branches along with distribution lines. The sensitivity and speed of traditional three-
stage overcurrent protection lacks when applied to these lines. Even the phasor differential protection cannot identify internal
faults sensitively to maintain sufficient safety under external faults. With 5G communication is penetrating the field of power grid
automation,,a comprehensive protection scheme for branched distribution lines is proposed. Firstly, analyze negative sequence
currents phase characteristics under internal or external faults, and negative-sequence current phase-comparison protection is
proposed. Secondly,in some harsh working conditions,5G communication’s synchronization cannot be guaranteed,or even out of
step. A positive sequence amplitude differential protection is introduced. Finally, the three-stage overcurrent protection is
combined to form a complete set of protection coordination schemes when communication interruption or some extreme
situations. A 10 kV active distribution network model is built in PSCAD/EMTDC to verify the proposed protection criteria and
scheme. The simulation results demonstrate the effectiveness of the proposed protection criteria and scheme.
Keywords : negative sequence phase comparison protection ; positive sequence amplitude differential protection;active distribu-

tion network ;5G communication ;synchronization and loss of synchronization;lines with unmeasured branches
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