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A fast topology analysis and power flow calculation algorithm for distribution network service restoration

FAN Rui-juan', WANG Qian', LUO Qiang’
(1. School of Electrical Engineering, Southwest Jiaotong University, Chengdu 610031, China; 2. Sichuan Electric Power Design &
Consulting Co., Ltd., Chengdu 610031, China)

Abstract: Aiming to the distribution network service restoration, this paper proposes a fast topology analysis and power flow
calculation method. Firstly, the distribution network structure is stored by SQL relational database. The data maintenance can be
convenient and the topology reconstruction can be highly flexible. Both of the node list and branch list store the data loaded from a
relational database, which forms the object-oriented real-time database. Then the topology based on the breadth first search method is
analyzed, and the power flow combined with the forward and backward substitution method is calculated. Finally, based on C++
programme on QT, the results of topology analysis and power flow on GUI are provided. Results show that the algorithm can quickly
detect the distribution network connectivity, judge whether there are loops or isolations, and calculate fast on the premise of the
convenient data maintenance.

Key words: distribution network service restoration; object-oriented real-time database; breadth first search method; forward and
backward substitution method; GUI
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Fig. 1 Distribution network model
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Fig. 2 Simplified distribution network topology analysis model
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Table 1 Node database table

YK TEB iﬁ I S
REl=t R node_id int N N
FIRHAYSE  current_real real
FIHALE  current imag  real
FIR RS voltage real  real J
FI R voltage imag  real
WIEH R power _real real
WELIhhE  power imag  real
S A is_source bool N
AT node_type int N
R x A px int N
Ny AR py int J
F2 ZRBUEERE
Table 2 Branch database table
B TR iﬁ TR AR
S brand_id int v
EERA status bool
% HLBH impedance real  real J
KT impedance imag  real
SRS T RS front_id int J
S A T rear id int N
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Fig. 3 New node dialog box
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class Node GRS
{ int nodeld; 11775 K5

Complex current;  //77 fHLIR

Complex voltage; /79 & HL

Complex power; /A =PIES

double px,py; 1175 R
bool isSource; /TS 2 YR S
int sourceld; J175 P R G
NodeType nodeType; I R
int flag; 11775 R &
Brand *brandsfBRAND COUNT]; //45 75 s A
Y
class Branch 1>
{ int branchld; 113 97
bool status; 113 BRFS

Complex impedance; /32 4 FHHT
Complex current; /33
Complex fPower; /37 i 1 iy Uy %
Complex rPower; /37 AR iy Uy %

int frontld; /1S G 1T R

int rearld; 113 B AR By 1T 5 G

bool flag; 113 R

void exchangeNode(); /32 % B K 5 £ 4 bR
s

SR 5T SV AR ISR S H R BAF T AT
RS, s PR R A e B Y R S
R INEEAN AR A, I LY S G 5 A
JEORH WY RIS AR L, BT A (BRSZE) S
FENT R () SRR IO E, IXHE T LUE T
S AT R IR PRI R

3 EcREMIRINTIT

ic L P i i i 52 1 4 o3 A 5 SR 1
e IRECRIATE (KA, RIS B IR JZ= R S5 A R
Jitele FCPAER BT FFERIZATIY, R
AN IR I IR I, ABEATEI AL,
FOHT R RO BRI B A, RIS b 52 I T e
SRR SR, ST SRS A7 i 454 A

SRR, SN, B RE SCIC R ) J2 UK R R I
J7ia), PRI, A A BSOS R LT AR
C R 22 FEYE I 25, HEC I SR 2R
AR T FEL S8 R Sk g A7 1 P 4 4 73
B, AT REETI “flag” FRAETT RUERIER . FAEEFIN
By, “sourceld” bR AT RN, SCEEERPH
“exchangeNode()” BRALHSCL SCEE IR 7 10, 440
ot R BB A (L3S 2 R O R AT 1))
AT B %1 NodeQueue F12i# A 1) BranchQueue.
%?lﬂﬁ?ﬁ‘?ﬁﬁ‘]@ﬂ@%ﬂ‘%*ﬁﬁﬁﬁﬂ@ 4,

|f‘U i1t NodeQueueHi! BrandQucuc|

| AR IR g5 R 3R |
A

5

19 AT N LAY T

15 1 A NodeQueue
bR IR
TR LR G = S

MBAFINodeQueuelt] 15 (IO
TEUR) AR A% 2% 75 1

BAFH Y AT

15 kI ANodeQueue b

% ¥4k N\ BrandQueue -

1 bR aGi= “IEH” %

[ i =t b |5
i

sttty kscummmin g a]

e+t

4 BRI HTRIZE

Fig. 4 Topology analysis process of distribution network
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Fig. 5 The 33 nodes distribution network
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Fig. 6 The 16 nodes distribution network
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Fig. 7 The 33 nodes distribution network topology results

TR
TREE 16
IRTREH 8
nETREm L
ot
ERTREE 3
FEEE 16
FAzEES 13
BiFTSTRRE 3

72

o! ©2 o?
[ [»

) us ol
@ g’

! B ell.as.git

G pog) (12
9] w5 (4) gil o2
o6 B T 06glb 12 15

HEER - HiREE ORAAE OWGTS @ERTE MHENE 0afta

8 16 TR RFHI LR

Fig. 8 The 16 nodes distribution network topology results
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Table 3 Branch current of the 16 nodes system

, L LI . SRR
SCERA S 4 SCERAN S .
I p.u I p.u
1 0.084 762 2 8 0.013 862 00
2 0.1813330 9 0.006 352 58
3 0.062 683 2 10 0.051 714 50
4 0.034027 0 11 0.012 346 70
5 0.026 680 8 12 0.036 915 40
6 0.019531 3 13 0.002 362 54
7 0.1184100
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Table 4 Node voltage of the 33 nodes system

MR WAEHE | PR WAEHRE | R WRHIE

iy WEfpu | W5 Efpu | ST & fii/p.u
0 1 10 0.928 000 20 0.992212
1 0.997 022 11 0.926 477 21 0.991 58
2 0.982 898 12 0.920 308 22 0.979 313
3 0.975 387 13 0.918 041 23 0.972 638
4 0.967 962 14 0.916 627 24 0.969 313
5 0.949 500 15 0.915 261 25 0.947 567
6 0.946 000 16 0.913 231 26 0.945 008
7 0.941 105 17 0.912 622 27 0.933 562
8 0.934 763 18 0.996 501 28 0.925 348
9 0.928 878 19 0.992 923
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Table 5 Running time of three power flow algorithms

IBATIN /s
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