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Method for backward power flow tracing of power quantities of distribution network

WU Xu-yang, BAO Hai
(School of Electrical and Electronic Engineering, North China Electric Power University, Beijing 102206, China)

Abstract: Method of backward power flow tracing is proposed for getting the relationship of each power quantity in distribution
network. This paper gets power chain containing the relationship between each load and corresponding loss and power stream
covering the relationship between each load and extracted power utilizing the theory of power distribution. Load-loss distribution
coefficient, and load-extracted power flow distribution coefficient are given in the form of sinusoidal steady-state. This method is
adopted to a typical 14-node distribution network, getting the conclusion that the sum of each power quantity equaling to the origin
power quantity. Case study shows that in the single source power network, sinusoidal steady-state power follows the principle of
impedance matching.
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Fig. 1 A typical n nodes distribution network
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Fig. 2 Power chain corresponding to load L,
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Fig. 3 Power stream corresponding to load L,
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Table 1 14 nodes system buses data and power flow
calculation result

- RR th VB e
L e M HDD KM By by
? kV (G /MW /Mvar Q Q
1 10.5 0 0 0 I I
2 10.26 4.98 0 0 I I

3 10.24 6.29 1.188 0.408 7896  27.46
4 10.07 15.60 0 0 o &

5 10.05 17.07 0.630 0.220 143.04 51.48

6 9.83 29.24 0 0 & 7
7 9.79 28.28 0 0 & 7
8 9.76 29.81 1.584 0.554 53246  19.72
9 9.74 3086  1.008 0.264 87.67 2473

10 9.72 3217 0.792 0.272 106.09 3877
11 9.75 32.98 0 0 & 7

12 9.69 3567 18144  0.6288 4586  17.02
13 9.67 3175 09405 0.323 8835 3227

14 9.72 34.18 1.164 0.3996 72.13 26.45

R2 4T R R EE
Table 2 14 nodes system branches data
T A SRR BT SRR
Rk HiFH/Q HHvQ UKW TEd/kvar
1-2 0.232 0.059 223.53 56.99
2-3 0.152 0.016 9 2.28 0.25
2-4 0.226 0.0339 166.60 24.99
4-5 0.304 0.033 8 1.34 0.15
4-6 0.304 0.045 6 190.79 28.62
6-7 0.119 0.046 5 15.83 6.19
7-8 0.142 0.022 4.21 0.64
7-9 0.224 0.025 8.34 0.93
9-10 0.204 0.022 4 1.51 0.17
6-11 0.19 0.038 34.72 6.89
11-14 0.204 0.040 3.27 0.65
11-12 0.190 0.038 17.21 3.41
12-13 0.154 0.172 1.63 1.82
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Fig. 5 14 nodes circuit
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Table 3 Network loss corresponding to each load
P2 P2 P2 P2 P2 P2 P2 P2 P2 P2
thik 10 Lhik 03 itk itk itk itk itk itk itk itk itk itk
VA VA 2-4 4-5 4-6 6-7 7-9 9-10 6-11 11-14 11-12 12-13
/kVA /kVA /kVA /kVA /kVA /kVA /kVA /kVA /kVA /kVA
27.83+ 2.28+
{2
Diger 3 i7.48 i0.25 0 0 0 0 0 0 0 0 0 0
15.07+ 12.85+ 1.34+
{2
Yige 5 i4.08 0 .15 i0.15 0 0 0 0 0 0 0 0
39.05+ 33.29+ 4131+ 7.39+
{2
ARG 11043 0 i5.45 0 i6.82 i3.10 0 0 0 0 0 0
24.74+ 20.92+ 25.96+ 4.74+ 4.64+
{2
Hger 9 ja.51 0 j1.71 0 j2.16 j155  j0.36 0 0 0 0 0
19.59+ 16.69+ 20.71+ 3.71+ 3.70+ 1.51+
2
Yiger 10 j5.10 0 j2.62 0 j3.28 j153 057 j0.17 0 0 0 0
45.06+ 38.39+ 47.64+ 16.09+ 11.33+
2
gy 12 j11.81 0 j6.10 0 j7.64 0 0 0 321 0 j2.25 0
23.39+ 19.93+ 24.73+ 8.35+ 5.88+ 1.63+
2
Yy 13 j6.09 0 j3.13 0 i3.92 0 0 0 j1.65 0 jlL16  j1.82
28.80+ 24.54+ 30.44+ 10.28+ 3.27+
2
Bify 14 748 0 i3.84 0 4.8 0 0 0 j2.03 j0.65 0 0
Lt 223.53+ 2.28+ 166.61+ 1.34+ 190.79+  15.84+ 8.34+ 1.51+ 34.72+ 3.27+ 17.21+ 1.63+
i j56.98 j0.25 j25.00  j0.15  j28.62  j6.18  j0.93  j0.17 j6.89 j0.65  j3.41 j1.82
iy ainps . . 166.60+  1.34+ 19079+ 1583+ 834+ 151+ 3472+ 327+ 1721+  1.63+
UEE 2235345699 2284025 499 G005 j2862 6.9 j093  j0.17 j6.89 j0.65  j3.41 j1.82
F 4 QfT 14 WM AGE-RFES T RE
Table 4 Load-loss distribution coefficients corresponding to load 14
y itk \ 27 \ 27 itk itk itk itk itk itk
2Rk 1-2 2Ltk 2-4 2L 4-6
2-3 4-5 6-7 7-9 9-10 6-11 11-14 11-12 12-13
fif 0.0241- 0.0199- 0.0247- 0.0084-  0.0027-
0 0 0 0 0
14 j0.0018 j0.0035 j0.0043 j0.0012 j0.0004
F 5 fAfe 13 XA RIRENThE R
Table 5 Power stream extracted from the node corresponding to load 13
R 12/kVA WA 11/KVA TR 6/kVA TR 4/kVA T 2kVA Tl kVA
ik 942.13+ 948.01+ 956.36+ 981.09+ 1001.02+ 1024.41+
13 j324.82 j325.98 j327.63 j331.55 j335.47 j341.56
6 G 13 XML G- T IR AR R 9 R A
Table 6 Load-extracted power flow distribution coefficients corresponding to load 13
W12 WAL W6 W 4 W2 R
1.0021+ 1.0081+ 1.0166~ 1.0414~ 1.0616- 1.0859~
B 13
j0.0012 j0.0004 j0.0008 j0.0051 j0.0079 j0.0098
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