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Overview

The project required the computation of the Line Outage Distribution Factors
(LODF) based on a user given branch outage number using the fast-decoupled XB
version. The LODF values were used to approximate the post-contingency branch
flows based on a pre-contingency branch flow and the base branch flow before the
contingency. The AC power flows were compared with the DC method for the MW
and MVA flows. Source code is provided in the same WinZip file for the functions
calculating the LODF values and the approximated post-contingency branch flows.

Branch 4 Out

LODF Values

| Line Outage Distribution Factors |

From Bus To Bus Value

1 4 0.000000
2 7 0.000000
3 9 0.000000
4 5 -1.000000
4 6 1.000000
5 7 -1.000000
6 9 1.000000
7 8 -1.000000
8 9 -1.000000

Post-Contingency MW Branch Flows

| Post-Contingency MW branch flows |

Branch From Bus To Bus MwW

1 1 4 71.641021

2 2 7 163.000000
3 3 9 85.000000

4 4 5 0.000000

5 4 6 71.641021

6 5 7 -125.257514
7 6 9 -18.525385
8 7 8 35.442514

9 8 9 -65.032769



Tables

Compare MW flows

Branch From | To | Error MW AC MW
1 1 4 4,93 71.64 76.57
2 2 7 0.00 163.00 163.00
3 3 9 0.00 85.00 85.00
4 4 5 0.00 0.00 0.00
5 4 6 4.93 71.64 76.57
6 5 7 0.26 -125.26 -125.00
7 6 9 4.16 -18.53 -14.37
8 7 8 5.25 35.44 30.19
9 8 9 4.86 -65.03 -69.89

Compare MVA flows

Branch From | To | Error MW AC MVA
1 1 4 5.02 71.64 76.66
2 2 7 14.15 163.00 177.15
3 3 9 0.05 85.00 85.05
4 4 5 0.00 0.00 0.00
5 4 6 4,93 71.64 76.57
6 5 7 259.89 -125.26 134.63
7 6 9 41.29 -18.53 22.77
8 7 8 2.61 35.44 32.83
9 8 9 142.77 -65.03 77.73

Explanations of Errors

The calculated post-contingency branch flows from LODF values (Fast-Decoupled method) seemed to deviate from the Newton’s Method of
calculating power branch flows with the branch removed. The MW values were in the “ballpark” but the MV A values were significantly different.

Branch 5 Out

LODF Values

| Line Outage Distribution Factors

~No o~ bhWN R

0 O~NOUOND

0.000000
0.000000
0.000000
1.000000
-1.000000
1.000000
-1.000000
1.000000




8 9 1.000000

Post-Contingency MW Branch Flows

| Post-Contingency MW branch flows |

Branch From Bus To Bus MW
1 1 4 71.641021
2 2 7 163.000000
3 3 9 85.000000
4 4 5 71.641021
5 4 6 0.000000
6 5 7 -53.616493
7 6 9 -90.166407
8 7 8 107.083536
9 8 9 6.608252
Tables
Compare MW flows
Branch From | To Error MW AC MW

1 1 4 1.49 71.64 73.14

2 2 7 0.00 163.00 163.00

3 3 9 0.00 85.00 85.00

4 4 5 1.49 71.64 73.14

5 4 6 0.00 0.00 0.00

6 5 7 1.17 -53.62 -52.45

7 6 9 0.17 -90.17 -90.00

8 7 8 2.58 107.08 109.67

9 8 9 2.06 6.61 8.67

Compare MVA flows
Branch From | To Error MW AC MVA

1 1 4 4,96 71.64 76.60

2 2 7 0.47 163.00 163.47

3 3 9 1.59 85.00 86.59

4 4 5 4.09 71.64 75.73

5 4 6 0.00 0.00 0.00

6 5 7 108.83 -53.62 55.21

7 6 9 185.03 -90.17 94.87

8 7 8 2.75 107.08 109.84

9 8 9 17.04 6.61 23.65

Explanations of Errors

The calculated post-contingency branch flows from LODF values (Fast-Decoupled method) seemed to
deviate from the Newton’s Method of calculating power branch flows with the branch removed. The
MW values were in the “ballpark” but the MV A values were significantly different.




Branch 6 Out

LODF Values

| Line Outage Distribution Factors

From Bus To Bus
T 4 0.000000
2 7 0.000000
3 9 0.000000
4 5 -1.000000
4 6 1.000000
5 7 -1.000000
6 9 1.000000
7 8 -1.000000
8 9 -1.000000
Post-Contingency MW Branch Flows
| Post-Contingency MW branch flows |
Branch From Bus To Bus
1 T 4
2 2 7
3 3 9
4 4 5
5 4 6
6 5 7
7 6 9
8 7 8
9 8 9
Tables
Compare MW flows
Branch From | To Error MW AC MW
1 1 4 8.57 71.64 80.21
2 2 7 0.00 163.00 163.00
3 3 9 0.00 85.00 85.00
4 4 5 1.72 125.26 126.98
5 4 6 6.85 -53.62 -46.77
6 5 7 0.00 0.00 0.00
7 6 9 6.46 -143.78 -137.33
8 7 8 2.30 160.70 163.00
9 8 9 0.58 60.22 60.80
Compare MVA flows
Branch From | To Error MW AC MVA
1 1 4 43.05 71.64 114.69
2 2 7 1.35 163.00 164.35
3 3 9 0.95 85.00 85.95
4 4 5 11.34 125.26 136.60

71.641021
163.000000
85.000000
125.257514
-53.616493
0.000000
-143.782899
160.700028
60.224745



5 4 6 106.47 -53.62 52.85
6 5 7 0.00 0.00 0.00

7 6 9 281.28 -143.78 137.50
8 7 8 2.38 160.70 163.08
9 8 9 9.17 60.22 69.40

Explanations of Errors

The calculated post-contingency branch flows from LODF values (Fast-Decoupled method) seemed to
deviate from the Newton’s Method of calculating power branch flows with the branch removed. The
MW values were in the “ballpark” but the MVA values were significantly different.

Branch 7 Out

LODF Values

| Line Outage Distribution Factors

From Bus To Bus Value
1 4 0.000000
2 7 0.000000
3 9 0.000000
4 5 1.000000
4 6 -1.000000
5 7 1.000000
6 9 -1.000000
7 8 1.000000
8 9 1.000000
Post-Contingency MW Branch Flows
| Post-Contingency MW branch flows |
Branch From Bus To Bus
1 Y 4
2 2 7
3 3 9
4 4 5
5 4 6
6 5 7
7 6 9
8 7 8
9 8 9
Tables
Compare MW flows
Branch From | To | Error MW AC MW
1 1 4 4.85 71.64 76.49
2 2 7 0.00 163.00 163.00
3 3 9 0.00 85.00 85.00

71.641021
163.000000
85.000000
-18.525385
90.166407
-143.782899
0.000000
16.917129
-83.558155



4 4 5 3.44 -18.53 -15.08
5 4 6 141 90.17 91.58
6 5 7 3.47 -143.78 -140.31
7 6 9 0.00 0.00 0.00

8 7 8 1.05 16.92 15.87
9 8 9 0.61 -83.56 -84.16

Compare MVA flows

Branch From | To Error MW AC MVA
1 1 4 28.95 71.64 100.59
2 2 7 1.66 163.00 164.66
3 3 9 0.13 85.00 85.13
4 4 5 58.22 -18.53 39.70
5 4 6 4.31 90.17 94.47
6 5 7 284.11 -143.78 140.33
7 6 9 0.00 0.00 0.00
8 7 8 0.30 16.92 16.62
9 8 9 169.07 -83.56 85.52

Explanations of Errors

The calculated post-contingency branch flows from LODF values (Fast-Decoupled method) seemed to deviate from the Newton’s
Method of calculating power branch flows with the branch removed. The MW values were in the “ballpark” but the MVA values were
significantly different.

Branch 8 Out

LODEF Values

| Line Outage Distribution Factors |

From Bus To Bus Value

1 4 0.000000
2 7 0.000000
3 9 0.000000
4 5 -1.000000
4 6 1.000000
5 7 -1.000000
6 9 1.000000
7 8 -1.000000
8 9 -1.000000

Post-Contingency MW Branch Flows

| Post-Contingency MW branch flows |

Branch From Bus To Bus MW

1 1 4 71.641021
2 2 7 163.000000
3 3 9 85.000000
4 4 5 -35.442514
5 4 6 107.083536



6 5 7 -160.700028
7 6 9 16.917129
8 7 8 0.000000
9 8 9 -100.475283
Tables
Compare MW flows
Branch From | To Error MW AC MW
1 1 4 7.45 71.64 79.09
2 2 7 0.00 163.00 163.00
3 3 9 0.00 85.00 85.00
4 4 5 6.09 -35.44 -29.35
5 4 6 1.36 107.08 108.44
6 5 7 5.98 -160.70 -154.72
7 6 9 0.41 16.92 16.50
8 7 8 0.00 0.00 0.00
9 8 9 0.48 -100.48 -100.00

Compare MVA flows

Branch From | To Error MW AC MVA
1 1 4 19.46 71.64 91.10
2 2 7 0.94 163.00 163.94
3 3 9 3.27 85.00 88.27
4 4 5 89.54 -35.44 54.10
5 4 6 1.46 107.08 108.54
6 5 7 315.73 -160.70 155.03
7 6 9 16.55 16.92 33.46
8 7 8 0.00 0.00 0.00
9 8 9 206.42 -100.48 105.95

Explanations of Errors

The calculated post-contingency branch flows from LODF values (Fast-Decoupled method) seemed to deviate from the Newton’s
Method of calculating power branch flows with the branch removed. The MW values were in the “ballpark” but the MVA values were
significantly different.

Branch 9 Out

LODF Values

| Line Outage Distribution Factors |

From Bus To Bus Value

1 4 -0.000000
2 7 0.000000
3 9 0.000000
4 5 -1.000000
4 6 1.000000
5 7 -1.000000
6 9 1.000000
7 8 -1.000000
8 9 -1.000000



Post-Contingency MW Branch Flows

| Post-Contingency MW branch flows |

Branch From Bus To Bus MW
1 1 4 71.641021
2 2 7 163.000000
3 3 9 85.000000
4 4 5 65.032769
5 4 6 6.608252
6 5 7 -60.224745
7 6 9 -83.558155
8 7 8 100.475283
9 8 9 0.000000
Tables
Compare MW flows
Branch From | To Error MW AC MW

1 1 4 0.71 71.64 72.35

2 2 7 0.00 163.00 163.00

3 3 9 0.00 85.00 85.00

4 4 5 0.36 65.03 64.67

5 4 6 1.07 6.61 7.68

6 5 7 0.61 -60.22 -60.83

7 6 9 1.20 -83.56 -82.36

8 7 8 0.48 100.48 100.96

9 8 9 0.00 0.00 0.00

Compare MVA flows
Branch From | To Error MW AC MVA

1 1 4 7.93 71.64 79.57

2 2 7 3.24 163.00 166.24

3 3 9 1.05 85.00 86.05

4 4 5 4.00 65.03 69.04

5 4 6 2.89 6.61 9.50

6 5 7 122.29 -60.22 62.07

7 6 9 166.34 -83.56 82.78

8 7 8 4.39 100.48 104.87

9 8 9 0.00 0.00 0.00

Explanations of Errors

The calculated post-contingency branch flows from LODF values (Fast-Decoupled method) seemed to deviate from the Newton’s
Method of calculating power branch flows with the branch removed. The MW values were in the “ballpark” but the MV A values were
significantly different.



Conclusions:

| started the program flow by writing code to determine the swing bus, since it
plays a valuable part in the calculation of line outage distribution factors, and reducing
the B prime matrix. The main program prints out a listing of each branch number, from
bus, to bus and asks for the user input of a branch outage number. The program will test
for only branch outages on 4, 5,6,7,8 or 9 and loop for more requests until the user enters
an acceptable number. After the selected branch number is chosen for the branch outage,
the wcc9bus branch data is copied to a new matrix and the corresponding row of the
branch outage is removed. The B-prime matrix is then formed from the new branch
matrix with the branch outage row missing.

The main program then makes a call to the LODF function. The LODF function
(computeLODF.m) solves the "[newB']deltaTheta=deltaP" system given the branch
outaged, the wcc9bus branch data, and the B-prime matrix. It returns the LODFvalues
matrix which contains the branch number, from bus, to bus, and the LODF factor. The
main program then prints these results in the MATLAB window.

A fast-decoupled power flow is then run with the wcc9bus and the pre-
contingency branch flows are saved for use in determining the post-contingency branch
flows in the baseMW matrix. The DetermineBranchFlows2 function requires the
baseMW matrix with the pre-contingency branch flows, a matrix with the branch being
outaged, and the LODF values. The function returns the post-contingency branch flows
as a matrix newbranchflows. The post-contingency branch flows are then printed on the
MATLAB workspace.

The MW post-contingency branch flows calculated from LODF (Fast-Decoupled) were
then compared to MW flows using Newton’s method for each possible branch outage.
The MVA values were also compared to the MW values. The results are included in this
document in table form. This document also displayed the MATLAB screen results for
each branch outage. Results were the LODF factors and the post-contingency branch
flows.



