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Fault Tolerance Analysis and Improvement Strategies for Centralized

Protection Schemes of Active Distribution Networks
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(1. State Key Laboratory of Smart Power Distribution Equipment and System , Hebei University of Technology, Tianjin 300401,
China; 2. State Key Laboratory of Smart Power Distribution Equipment and System , Tianjin University, Tianjin 300072, China)
ABSTRACT: [Objective] With the integration of high-penetration distributed photovoltaic generation into distribution
networks, the directional identification of feeder terminal units (FTU) is susceptible to phase-angle deviation and
communication abnormalities. As a result, graph-theory-based centralized protection may suffer from maloperation or failure
to operate under information distortion conditions. To address this issue, a multi-stage adaptive protection improvement
scheme incorporating fault evolution characteristics is proposed. [Methods] First, a fault identification matrix is constructed
based on the distribution network topology matrix and the directional overcurrent information uploaded by FTU , so as to obtain
the preliminary fault section. Then, for multiple fault sections appearing in the preliminary identification result, an evaluation
function is introduced to screen candidate fault combinations, thereby reducing the risk of over-range operation caused by
remote FTU information distortion. Furthermore, for scenarios in which an upstream line fault is misidentified as a fault in the
studied section, or an independent terminal-line fault is missed, secondary verification is performed using the residual
overcurrent characteristics after the initial isolation, so as to realize secondary accurate identification of the fault range.
[Results] A 10 kV distribution network is built based on the PSCAD/EMTDC simulation platform, and the problems of failed

fault clearance or insufficient protection action range caused by the upload of incorrect information in the traditional scheme
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are analyzed. The simulation results show that the scheme can accurately identify the residual fault current through secondary
verification and supplement the actual fault section for clearance, effectively dealing with various FTU information distortion
conditions. [Conclusions] The improved centralized protection scheme significantly enhances the fault tolerance, protection
action reliability and selectivity of the system compared with the traditional centralized protection scheme. Compared with the
scheme that solely relies on FTU identification information, this scheme has strong topological adaptability, simple criteria,
and reduces the risk of protection failure in active distribution networks.

This work is supported by National Natural Science Foundation of China (No. 52207088) and Natural Science
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KEYWORDS: active distribution network; graph theory; centralized protection; fault-tolerant capability; fault
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Table 1 Evaluation results for incorrect FTU information on the near-side line of the fault point

HE S, G,'(S,) G,(S,) F.(S,)
L2 [0100000000000] [11-1-10000-10-10-1] [11-110000-10-10-1] L+w
LA [0001000000000] [11110000-10-10-1] [11-110000-10-10-1] 1+w

125 L4 [ B i [0101000000000] [11000000-10~10~1] [11-110000-10-10-1] 2+2w
R2 WESIZIKREEFTUSREIRNAITMER
Table 2 Evaluation results for incorrect FTU information on the far-side line of the fault point

HE S, G, (S,) G, (S,) F.(S,)
L1 [1000000000000] [1-1-1-10000-10-10-1] [1-1-110000-10-10—1] 1+w
LA R [0001000000000] [11110000-10-10-1] [1-1-110000-10-10-1] 2+w

L1 5 L4 [F] il [1001000000000]

[10110000-10-10-1]

[1-1-110000-10-10-1] 242w
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Table 3 Simulation parameters of the 10 kV distribution

network
24 Ky
IR PV PV2 A H/MVA 5.7
B faf 7K/ MW 10.24
HARB BRI % 117.2

1.03.0.58.0.09.2.56.,2.23.,1.40,

2 A (L1—L13) /km 3.50.0.15.2.00.0.78.0.30

0.65.1.05
2 B BB R AL/ 0.38
BB A7) 70
1 P HLBH/Q 0.01

F 4, 6 U BB 55 T IFEM RSB IE P —
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FTH X Bl & —A Ll 1 s RS T I 521 A8
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T VT bR B LA e — 25 X 43, DR i B 4T 2 B R
G S

BEXE R G B Sh VR, S0 4 v Sz bRl e X BEN 1.2,
AR K3 EA&AE AR, BG4 th AR 00 20 HER S
WA L3, Bt e e YIbR 13, 2o ST ¢, Ji5 4G 5]
SRR IR L2 AT AE 7. 838 KA HYFR A R HL U, H.
KT B E A5 0. 88 kA, BRIk — 2B VI L2, 523l
X R FE SR 2 1

B R N7 AR v 4 B W B Tl ) SR 5 rh L8 R R
R, (H K8 X FTU H J5A R b A% 1“1 AL
17, S ER LR RO e R Sy SRl —
A A6 ) b ST R g 2k S R A, R L8 HLE N
19. 741 kA, R T b i3 2 (50 0. 88 kA, A L H 72 18 Ty
i o [X BEFEFRAT VTG, S PR AR s e s A B 1

ki — 2 A I v AR R B A A i
(A A RIAR, | AR SO 3 4 JT 91 LR B (61 11 sl 1 235 SR
frgeit, 45 R 3 s s .

2% 5 AT, FEAS SCIR B Y 6 21 3178 FTU 5 8 I
A TR A8 G 05 g6 v 4 20 R R B A ) 2 ol 3 )R
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[ IR B A 0F S S E R 2 s 14, -
W R, BT 7 SRR ag Bt 5 4R v SO e Y
FTU {7 B W42 3 5 T W28 5 e 71, JUH X R [ 3

x4 EAFHERNNEFXRIPEHARMLER

Table 4 Test results of centralized protection improvement scheme with fault tolerance capability

51l e PR WAL IFH PR R I 1) M AWM RS B
X B fr B BHALE R TG Jr i A B TR A PR
[1111001
1 14 A& LT 14 14 T
0-10-10-1]
[11-1-1000 1,,=0.139 kA <
2 L9 L9 : L9 T
010-10-1] 1,,=0.88 kA
3 L1 [1111100 LI &5 L11 & LS LI1&L5  OR
0-1010-1]
[111-1000 1,,=7.838 kA >
4 12 L3 : 12 T
0-10-10-1] 1_=0.88 kA
[-1-1-1-1000 . 1,,=19.741 kA >
5 L8 i 8 L8 T
-1-10-10-1] i 1,,=0.88 kA
(1111111 1,,=0 kA <
6 L7 L7 L7 T
0-1-1-10-1] 1,=0.88 kA
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T
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Table 5 Statistics of action results of different schemes
under typical FTU information distortion cases
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Fig. A1 Fault recognition zone description chart
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Table A1 Impact of FTU information transmission errors when the research section is a regular section
AT X BB LhREE EARFOC e - PO SIATHN BRI R Xof i
S e ﬂri FTU 92 br &4 5 8 R BRI B L . ﬁﬁ; - ‘
FEH R AR B X B LR ERE R X B SR
K.=0 [0,-1] DULF OR_lv.1 DULF OR_lv.1
K=-1 [-1,-1] DULF OR_Iv.1 DULF OR_Iv.1
[1,-1] RSF
K,=0 [1,0] RSF T RSF T
K=1 [1,1] DDLF UR DDLF UR
K =0 [0,0] DULF OR_lv.1 DULF OR_lv.1
K=-1 [-1,0] DULF OR_Iv.1 DULF OR_Iv.1
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Table A2 Impact of FTU information transmission errors when the research section is the end section
i DULF OR_lIv.1 DULF OR_lIv.1
K= 2 FFS FNR FFS FNR
[1] RSF
i DULF OR_lv.1 DULF OR_lv.1
K= 2 FFS FNR FFS FNR
S-DULF RSF UR RSF UR
S-IULF 7 S-IULF & RSF S-IULF Il RSF
S-NIULF K=1 S-NIULF & RSF S-NIULF
= L-ULF 7 L-ULF & RSF OR_lIv.1 L-ULF & RSF OR_Iv.1
NRSF p=s ULF & RSF OR_lv.1 ULF & RSF OR_Iv.1
NRSF K=1 NRSF T NRSF T
S-DULF RSF UR RSF UR
S-IULF § S-IULF & RSF S-IULF Il RSF
S-NIULF K=1 E S-NIULF & RSF S-NIULF
tn L-ULF L-ULF & RSF OR_lv.1 L-ULF & RSF OR_lv.1
NRSF = ULF & RSF OR_lv.1 ULF & RSF OR_lv.1
NRSF K =0 NRSF T NRSF T
RA3 MIRREATEREK,.K,, K, B, 589 FTUE BEREIRH0
Table A3 Impact when some FTU information transmission is incorrect in the case of the
study section being T-junction section [K,,K,,,K,, ]

WFSEIX BOAR SEBRie WARIFOG FTU 5ZPr e re e XF g 5 AT pREL Xf i
Bt BEXE: RS et R A —— RMRKE A
otmt] Rsp K=0 [0,—1,-1] DULF OR_lv.1 DULF OR_lv.1

K=1 [-1,-1,-1] DULF OR_lv.1 DULF OR_Iv.1
K, =1 [1,1,-1] DDLF UR DDLF UR
K,,=0 [1,0,—1] RSF T RSF T
[1,-1,-1] RSF
K,=1 [1,-1,1] DDLF UR DDLF UR
K,,=0 [1,-1,0] RSF T RSF T
DULF RSF UR RSF UR
IULF K=1 [1,-1,-1] RSF & IULF T RSF Il IULF T
NIULF RSF & NIULF T NIULF T
K =0 [0,—1,-1] ULF T ULF T
[-1,-1,-1] -
K, =1 [-1.1,-1] ULF & DDLF T ULF T
ULF K,,=0 [-1,0,-1] ULF T ULF T
K,=1 [-1,-1,1] ULF & DDLF ULF
K,=0 [-1,-1,0] ULF ULF
DDLF DULF & DDLF OR DULF & DDLF OR
xopLg ! Al DULF & NDDLF OR NDDLF T
DLF K=0 [0,-1,1] DULF & DLF OR DLF T
[1,-1,1] DDLF DDLF1 & DDLF2 OR DDLF1 & DDLF2 OR
NDDLF K=t s DDLF & NDDLF OR NDDLF T
DLF K,,=0 [1,0,1] DLF T DLF T
DDLF K,=1 [1,-1,-1] RSF OR_lv.1 RSF OR_lv.1
IDLF RSF & IDLF OR RSF Il IDLF OR
npLe ! RS RSF & NIDLF OR NIDLF &
RS DDLF RSF OR_lv.1 RSF OR_lv.1
K,,=0 [1,-1,0]
NDDLF RSF & NDDLF OR NDDLF T
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