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busl bus2 Type-z Sa Sh Sc

1 1 2 10.38+5.011i 5.19+2.521
10.384+45.011

2 2 3 11.01+5.341i 5.19+2.521
9.72+4.711

3 2 4 4.05+1.951 5.67+2.761
6.48+3.151

4 4 5 6.48+3.151 5.19+2.521
4.53+2.191

5 4 6 4.20+2.041 3.09+1.51
2.91+1.411

6 6 7 9.72+4.711 8.1+3.931
8.1+3.931

7 6 8 7.44+3.601 5.34+2.581
3.39+1.651

8 8 9 12.3+5.971 14.91+7.231
13.29+6.421

9 9 10 3.39+1.651 4.20+2.041
2.58+1.261

10 10 11 7.44+3.601 7.44+3.601
11.01+5.341

11 10 12 9.72+4.711 8.1+3.931
8.1+3.931

12 11 13 4.38+2.131 5.34+2.581
6.48+3.151

13 11 14 3.09+1.501 3.09+1.51
4.05+1.951

14 12 15 4.38+2.131 4.86+2.341
6.96+3.361

15 12 16 7.77+3.781 10.38+5.011
7.77+3.781

16 14 17 6.48+3.151 4.86+2.341
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4.86+2.341
17 14 18 1 4 5.34+2.581 5.34+2.581
5.52+2.671
18 15 19 1 4 8.76+4.231 10.05+4.861
7.14+3.451
g lyS 5 g0 a gl Guilagal e yils
Configuration) :
15609+671551 5203+223851 5203+22385i
5203+223851i 15609+671551 5203+223851
5203+223851 5203+223851 15609+671551

Al Y Al 1) Cand aSll leMb|

lae 0,5 (Config) by los s 5le go (length) Lglas Jobs ol awl YT aSlils oledlb|

il A 00l isled 5 Jgo 40 (Node B) wais 0,5 4 (Node A)

Node A Node B Length(ft.) Config.
800 802 2580 300
802 806 1730 300
806 808 32230 300
808 810 5804 303
808 812 37500 300
812 814 29730 300
814 850 10 301
816 818 1710 302
816 824 10210 301
818 820 48150 302
820 822 13740 302
824 826 3030 303
824 828 840 301
828 830 20440 301
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830 854 520 301
832 858 4900 301
832 888 0 XFM-1
834 860 2020 301
834 842 280 301
836 840 860 301
836 862 280 301
842 844 1350 301
844 846 3640 301
846 848 530 301
850 816 310 301
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854 856 23330 303
854 852 36830 301
858 864 1620 303
858 834 5830 301
860 836 2680 301
862 838 4860 304
888 890 10560 300
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860 Y-PQ 20 16 20 16 20 16
840 Y- 9 7 9 7 9 7
844 Y-Z 135 105 135 105 135 105
848 D-PQ 20 16 20 16 20 16
890 D-I 150 75 150 75 150 75
830 D-Z 10 5 10 5 25 10
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Node Node Load Ph-1  Ph-1 Ph-2 Ph-2 Ph-3 Ph-3
A B Model kW kVAr kW kKVAr kW kVAr
802 806 Y-PQ 0 0 30 15 25 14
808 810 Y-I 0 0 16 8 0 0
818 820 Y-Z 34 17 0 0 0 0
820 822 Y-PQ 135 70 0 0 0 0
816 824 D-I 0 0 5 2 0 0
824 826 Y-I 0 0 40 20 0 0
824 828 Y-PQ 0 0 0 0 4 2
828 830 Y-PQ 7 3 0 0 0 0
854 856 Y-PQ 0 0 4 2 0 0
832 858 D-Z 7 3 2 1 6 3
858 864 Y-PQ 2 1 0 0 0 0
858 834 D-PQ 4 2 15 8 13 7
834 860 D-Z 16 8 20 10 110 55
860 836 D-PQ 30 15 10 6 42 22
836 840 D-1 18 9 22 11 0 0
862 838 Y-PQ 0 0 28 14 0 0
842 844 Y-PQ 9 5 0 0 0 0
844 846 Y-PQ 0 0 25 12 20 11
846 848 Y-PQ 0 0 23 11 0 0
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Configuration 300:

1.3368 1.3343 0.2101 0.5779 0.2130 0.5015
1.3238 1.3569 0.2066 0.4591
1.3294 1.3471
Configuration 301:
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1.9300 1.4115 0.2327 0.6442 0.2359 0.5691
1.9157 1.4281 0.2288 0.5238
1.9219 1.4209

Configuration 302:

2.7995 1.4855 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000
0.0000 0.0000
Configuration 303:

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
2.7995 1.4855 0.0000 0.0000
0.0000 0.0000
Configuration 304:

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
1.9217 1.4212 0.0000 0.0000
0.0000 0.00

ng.u

anoly Vo a8 ¥ o’ a5y eS|

(BUS2) a_aies Wb (BUSL) loe (b Jolds (4l Yo aslil) ¥ el s Sl 15 Jgu
oo oo Gl | Qg P) 551, 9 95T slaylgs «(Z) o uilal

L TR dS 5 Sleds! _(?_U) JBU\?

Busl Bus2 Z P Q
1 2 0.0967+0.0397i 0.0042 0.0026
2 3 0.0886+0.0364i 0 0
3 4 0.1359+0.0377i 0.0042 0.0026
4 5 0.1236+0.0343i 0.0042 0.0026
5 6 0.1236+0.0343i 0 0
6 7 0.2598+0.0446i 0 0
7 8 0.1732+0.0298i 0.0042 0.0026
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8 9 0.2598+0.0446i 0.0042 0.0026
9 10 0.1732+0.0298i 0.0041 0.0025
10 11 0.1083+0.0186i -0.0064 -0.0028
11 12 0.0866+0.0149i 0.0025 0.0015
3 13 0.1299+0.0223i 0.0011 0.0007
13 14 0.1732+0.0298i 0.0011 0.0007
14 15 0.0866+0.0149i 0.0011 0.0007
15 16 0.0433+0.0074i 0.0002 0.0001
6 17 0.1483+0.0412i 0.0044 0.0027
17 18 0.1359+0.0377i 0.0044 0.0027
18 19 0.1718+0.0391i 0.0044 0.0027
19 20 0.1562+0.0355i 0.0044 0.0027
20 21 0.1562+0.0355i -0.0241 -0.0066
21 22 0.1562+0.0355i 0.0044 0.0027
22 23 0.2165+0.0372i 0.0044 0.0027
23 24 0.2598+0.0446i 0.0044 0.0027
24 25 0.1732+0.0298i 0.0044 0.0027
25 26 0.1083+0.0186i -0.0136 -0.0031
26 27 0.0866+0.0149i 0.0026 0.0016
7 28 0.1299+0.0223i 0.0017 0.0011
28 29 0.1299+0.0223i 0.0017 0.0011
29 30 0.1299+0.0223i 0.0017 0.0011
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Abstract

Power flow is one of the major issues in the steady state system analysis which is
used for planning operations and evaluation of the performance of a power system.
In the presence of distributed generation (DG) sources and with respect to the
characteristics of a distribution network, it is not feasible to use conventional power
flow methods. Hence, it is necessary to find an effective method with simple and
accurate calculation is sensible. Generally, of the loads considered to be constant
power. However, some of them are voltage dependent load that are approximated by
exponential functions and polynomials. Moreover, existence of unbalanced loads,

makes the system to be unbalanced. The imbalance increases with load increasing.

In this thesis, the backward-forward approach is used as one of the most widespread
methods with low computational complexity and proper accuracy in flow analysis of
distribution systems. The proposed approach consists of two main steps. In the first
step (the backward step), current calculations is started from the end of the system to
the reference point and. In the second step (the forward step) the voltage calculations
is started from the reference point to the end of the system. The approaches repeated
until the suitable convergence is attained. In the power flow computations the
required components in flow analysis of distribution systems will be modeled. In the
equations of the power flow the load models and unbalanced loads as well as DG
sources are considered. The proposed algorithm is implemented on three standard
test systems and all simulations are performed in MATLAB. The simulation results
show that the proposed algorithm is fully capable to perform power flow considering

load models, unbalanced loads and DG resources.

Keywords: Distrubtion system, power flow, Distributed generation, Load

models, Three phase lines, VVoltage regulators
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