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ABSTRACT  
This manuscript will provide a step by step method on how a graph theory and topology can be utilized to construct 

a Z-loop matrix for the study of faulted 3 phase power systems.  The growing demand for reliable electrical power 

supply has forced the pace developments in electrical power system analysis using computer.  In this, power system 

analysis plays a significant role for the analysis of faulted power system, eventually for power system protection and 

control.  By applying theoretical rules in graph theory, an algorithm to construct Z-loop without generating loop 

incidence matrix for network analysis/circuit analysis was studied.  It has more than just minor special cases with 

those used in network analysis and circuit computer design.  This paper describes a new algorithm to construct a 

loop impedance matrix without generating loop incidence matrix by means of a certain topological relationship, 

linear graph, or simply graph theory.  A linear graph is a graph in which edges/branches are connected only at the 

points, which are identified as nodes of the graph.  Finally numerical sample project was presented by the use of the 

loop impedance matrix to solve network analysis studies. 

 

Keywords: Power system, faulted studies, graph theory, topology, Zloop construction 
 
1.  INTRODUCTION 

In the year 1847 G. Kirchoff published the paper in which he uses graph theoretical concepts to characterize 

electrical network.  Ever since, graph theory has been used in electrical network theory and analysis.  An electrical 

network system is a collection of physical components and devices interconnected electrically.  Thus, network 

analysis, the basis of network theory, plays a central and essential role in system analysis.  By an electrical network 

or simply a network, we mean a representation of a system as a set of interconnected idealized components or 

devices characterized in terms of voltage source associated with them.  Since network elements are idealized 

approximations of physical devices and systems, in order for them to represent various properties they must obey the 

Kirkchhoff laws of voltages and currents.  Thus, for our present purpose it will be sufficient for us to use a graphical 

representation of any network in terms of line segments or arcs called edges or branches and points called nodes or 

terminals, as long as, it is an accurate replica of the relationships of currents and voltages throughout the network. 

The ease of handling mutual inductance coupling especially raises interest in the loop analysis approach.  The 

formation of loop current equations by analyst is of course a possibility, but this involves considerable time and 

effort for large network systems. 

The motives lead to exploring the possibility of forming loop current relationship from raw system of data using a 

PC.  As will be seen shortly, the heart of the matter is concerned with the generation of a matrix, which contains in 

useable form the information regarding network configuration, which is required to establish the required number of 

independent loop equations.  The logic required obtaining such a matrix be described for general network system 

configuration. 

In developing a procedure for finding network relations by topological methods, we are solely interested in the 

network geometry and, therefore, represent all elements as lines with small circle at the ends to designate the 

terminals.  Such representation is called a graph of the network.  The graphs with which we will be concerned 

consist of these lines, which we call branches or edges, and the small circle, which we refer to as nodes, as in Figure 

1, which shows a typical network graph.  To apply the Kirchoff laws to edges/branch voltages and currents we need 

to interpret these laws in geometrical and algebraic language.  In a current graph the net current intersecting any 

node is zero, as a function of time.  While, in a voltage graph the net voltage around any loop is zero, as a function 

of time.   
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Figure 1 Circuit Illustrating Properties of Graph of a Network 

 

1.1.  Over View of Graph Theory 

By stating these laws in terms of function of time, we allow for the possible of generalized functions; that is, the net 

current or voltage is zero in the distribution sense.  Applying this convention to the net current around node 1 in 

Figure 1, the current law yields that 061149191110   iiiii .  Where a positive sign indicates that 

currents are assumed to flow from the low numbered node to the high numbered node in each branch/edge and a 

negative sign indicates that currents are assumed to flow from the high numbered node to the low numbered node in 

each branch/edge. 
 

2.     STATEMENT OF THE PROBLEM 

The following paragraph is used to show a very simple power system network and how the graph theory is used to 

develop the algorithm to construct Zloop and then using it for calculating currents and voltages when a node or bus at 

that power system network is faulted.  The power system network in Figure 2 is used to perform our analysis.  It is 

significant to know that there is no difference in the problem encountered in 3-phase and single point-to-ground fault 

calculations, other than that inductive mutual coupling is normally negligible in the positive-sequence network but 

not in the zero sequence network.        

Bus 1
Bus 10

Bus 3 Bus 9

Bus 8

Bus 5

Bus 7

Bus 4
Bus 2

Bus 6

Mutual Coupling
Mutual Coupling

 
Figure 2 Typical Power System Network 
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To simplify our analysis, the above-mentioned Figure 2 can be used as an example to figure out how the new 

algorithm can be applied.  Figure 2 shows a typical power system; further observation of Figure 2 indicates that 

Figure 3 is a one-line diagram or network graph of Figure 2.  
 
3.  Z-LOOP CONSTRUCTION ALGORITHM 

The procedure to be followed in constructing a loop-circuit network by rows consists of three parts.  The first part is 

concerned with the construction of Table I in which the node numbers are chosen in numerical order.  The second 

part is concerned with the separation of the network edges/branches into tables of tree branches/edges, Table 2, and 

of link branches/edges, Table 3.  The last part is concerned with the formation of Table 4 from the previous Tables.  

In this last table, we will find all nodes numbers that have been used in Table 2, tree branches/edges.  The method of 

selection of links and tree branches/edges is the same regardless of the complexity of the electrical system network 

and the same PC computer software will solve the problem for all cases.  The concepts that must be kept in mind in 

analyzing the data are best explained by using a specific configuration as indicated in Figure 3.       

 

 
Figure 3 Network Graph Showing Edges/Branches and Nodes for Figure 2 

 
3.1 Formation of Table 1 

Each branch/edge is listed just once, with the lower numbered node being listed first and the higher numbered node 

second.  This in effect will set up the positive direction for every branch/edge, as we will consider the positive 

direction to be from the lower numbered node to the higher numbered node.  Further, it should be noted that in 

listing the branches/edges of Table 1, we first choose all branches/edges emanating from node 1, then all those from 

node 2, then 3, etc. 

In the scramble input data, the line numbers are zero when there are no parallel lines.  The numbers are positive 

integer if there are other lines parallel to the first one.      
 

Start

Input:

scrambled data.

Node numbers,

impedances, &

line numbers

Ordered list of node numbers,

impedances, &

line numbers

 1

Figure 3-1  Flow Diagram for Formation of Table 1
 

 

3.2 Formation of Tables 2, 3, and 4 

Having form Table 1, we prepare to construct Tables 2 through 4.  Table 2 is the listing of tree branches/edges, 

Table 3 contains link branches/edges, and Table 4 is an auxiliary device that is used to establish the order in which 

successive nodes are examined.  Begin by saying that all branches/edges from node 1 are tree branches/edges and 

must be listed in Table 2 unless there are parallel branches/edges.  Since there is parallel branches/edges between 

node 1 and 9, the second 1 and 9 branch/edges closes a loop, so it must be listed as a link branch/edge in Table 3.  In 

Table 4, we now place number 4, 6, and 9, which are the new nodes we meet in moving along the foregoing 

branches/edges. 
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Table 1.  Ordered List of Node Numbers 
First Node Second Node Line Number 

1 4 0 

1 6 0 

1 9 0 

1 9 1 

1 10 0 

2 4 0 

2 5 0 

2 6 0 

2 6 1 

2 7 0 

2 10 0 

3 8 0 

3 10 0 

4 9 0 

5 7 0 

5 8 0 

7 10 0 

 

We now consider the first new node we have encountered, namely 4, which is listed first in Table 4.  We go back to 

Table 1, ignoring node 1 since branches/edges through node 1 have already been accounted for, and hunt for all 

branches/edges through 4.  The first one we find is branch/edge 2  4.  Since node 2 has not been used before, branch 

2  4, which connects 2 and 4, cannot possibly close a loop. It is therefore entered in Table 2 as a tree branch.  Node 2 

is placed in Table 4 just to the right of node 10.  The next branch/edge is 4  9.  Remember that node 9 appears to the 

right of 4 in Table 4 and therefore we have previously used node 9; 4  9 must close a loop, so it is a link and should 

be entered on Table 3.  There are no more 4’s in Table 1, so we never have to consider 4 again.  This is shown in 

Table 4 by putting a check mark above the 4. 

The next node in Table 4 is 6, so we will return to Table 1 to find all branches/edges through node 6.  Again we 

ignore 1’s.  The first branch containing a 6 is 2  6, but Number 4 appears to the right of 6 in Table 4; therefore, both 

nodes 2 and 6 have been encountered before, so 2  6 is entered as a link in Table 3.  The next 6 is encountered as 2  

6, which is parallel branch/edge to the first 2  6 branch; therefore, it is too must be entered into Table 3 as a link.  

There are no more 6’s, so a check mark is put in the first line of Table 4 above 6. 

 

The next number appearing in Table 4 is 9, so we must find all 9’s in Table 1.  The first 9 appears is 4  9. 

             
Table 2 Tree Branches/Edges 

First Node Second Node Line Number 

1 4 0 

1 6 0 

1 9 0 

1 10 0 

2 4 0 

7 10 0 

2 5 0 

3 8 0 

 

Now since 4 appears tothe left of 9 in Table 4, branch/edge 4  9 has been considered before, so it should be passed 

over.  We have now exhausted the 9’s, so we check off 9 in Table 4 and pick up the next number appearing there. 

 

Table 3 Link Branches/Edges 

First Node Second Node Line Number 

1 9 1 

4 9 0 

2 6 0 

2 6 1 

2 10 0 

2 7 0 

5 7 0 

5 8 0 
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Table 4.  Additional Device 

         

4 6 9 10 2 3 7 5 8 

 

We must now find all 10’s appearing in Table 1.  We first encounter 2  10, 2 appears to the right of 10 in Table 4, 

therefore, 2  10 must be entered in Table 3 as a link.  The next 10 in Table 1 appears as 3  10; since node 3 does not 

appear in Table 4, it is written in Table 4 and branch/edge 3  10 is entered into Table 2 as a tree branch/edge.  The 

next 10 appears in Table 1 as 7 10; the branch 7 does not appear in Table 4, so it is written in Table 4, and 

branch/edge 7 10 entered into Table 2 as a tree branch/edge.  This exhausts the 10’s, so a check is placed above the 

10 in Table 4. 

In the foregoing manner, we now consider all the 2’s in Table 1, then all 3’s, 7’s, 5’s and 8’s.  Table 3 now contains 

all the link branches/edges and Table 2 contains all the tree branches/edges.   Figure 3 is redrawn in Figure 4.  In this 

Figure the tree branches are indicated in solid lines and the link branches as dotted line.  

 
 Note: Solid lines are tree branches/edges; dashes lines are link branches/edges 

  Figure 4. Link and Tree Edges/Branches.  
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3.3 Procedure for Selecting Loops 

The attempt to find logic for the formation of loops in many ways seems more natural than attempting to find logic 

for formation of a loop incidence matrix by columns or rows.  The author has studied this method and presents the 

result of these studies in the following paragraph.  To begin, the information on Tables 2 and 3 is used in the 

construction of the loops.  The block of data in Tables 2 and 3 simply show for each node of the network, the 

manner in which that node is connected to other nodes.  For instance node 1 is connected to node 9 by link 

branch/edge 1 9, and node 5 is connected to node 7 by link branch/edge 5 7.   

It was stated earlier that the positive direction for current, voltage drop, or voltage source will be assumed to be from 

the low numbered node to the high numbered node for every link branch/edge as well as tree branch/edge.  Begin at 

the top of Table 3 and note that node 1 is connected to node 9 by means of link branch/edge 1 9.  Then hunt for a 

tree branch/edge through node 9 in Table 2.  Obviously, the tree branch/edge 1 9 dose not close a loop because the 

first number of the link branch/edge 1 9 is equal to the last node number of the last tree branch/edge.  After this, we 

choose a second link branch/edge, that is, link  

 

4

Does y appear on right

or left of node. (x) in

Table 4?

On

left

On

right

5

Store branch in Table 3 5

5

Have all branches in

Table 1 from node (x)

been examined ? yes

no
3

Put a check ove over node no.

(x) in Table 4
6

6
Have all nodes nos. in

Table 4 been used ?
no

yes
10

Repeat procedure for next

node no. in Table 4
2

Figure 4-2 Flow Diagram for Selecting Links & Tree Branches
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branch/edge 4 9, then hunt for a tree branch/edge through node 9 in Table 2.  We get a tree branch/edge 9 1.  

Obviously, tree branch/edge 9 1 has not yet closed a loop, so we hunt for a second tree branch/edge through node 1 

in Table2.  Obviously, tree branch/edge 1 4 close a loop because the first node number of the link branch/edge 4 9 is 

equal to that last node number of the last tree branch/edge, 1 4.  Finally we get Table 5. 

 
3.4 Algorithm for Generation of the Loop Incidence Matrix 

The product CZC bb

t
 usually generates the loop impedance matrix loopZ  so the matrix multiplication must be 

carried out in this case.  By use of certain topological relationship and the fact that the transforming matrix is a loop 

incidence matrix where only 1, -1, and/or 0 can appear as elements, a set of theoretical rule can be stated for the 

generation of this matrix avoiding matrix multiplication.  Compared with the conventional generation by 

multiplication of CZC bb

t
, a set-theoretical generation of the loop impedance matrix in a PC affords many 

important advantages, such as reduction in memory and mathematical operations.   

 
 
 
 
 

10

Store link from Table 3, its

impedance into Table 5

Store x

x = the higher numbered node of that

link

yes

no

continued

Have all links in Table

3 been examined ?

17

no

found

14

Y = node number at

the other end of

branch from x.  Store

this branch, its line

number, & its

impedance

16

Ignore the last tree branch

found in Table 2.  Store the

same link from Table 3 into

Table 5

14

Store x, x = y.  Is x equals to

the lower numbered node of

the link from Table 3

no yes

The loop is complete17

Figure 4-3 Generating a loop for Table 5
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3.4.1 Without Mutual Coupling 

The object of the loop method is to form a set of independent equations for the vector of the loop currents i, which 

are, at the same time, the currents in the connecting branches/edges.  The matrix of the set of independent equations 

is the loop impedance matrix loopZ .  With aid of the branch loop incidence matrix C, this matrix can be calculated in 

accordance with the following equation from the branch impedance matrix bbZ , whose diagonal elements are the 

impedance of the individual branches/edges and otherwise contain only zero: 

 

loopZ CZC bb

t
       (2) 

 
 

Continue 23
Investigate Table 5;

especially the ith loop and

the kth loop

ki ki 

Zloop (i,i) = sum of all

impedances of those

branches in the ith loop of the

Table 5

21

Search in Table 5 for branches which

simultaneously belong to the ith and

kth loops

notfound Zloop (I,k) = 0

21

Zloop(I,k) = algebraic sum of

impedances of the branches which

simultaneously belong to the ith and

kth loop.  The sign in the sum is + or -,

depending on whether the ith and the

kth loop run in the same or opposite

direction to each other

Have all loops in Table 5

been examined ?
noyes

23

22
Figure 5 generating Zloop without Mutual Couplings

 
 

That means that loopZ  is produced by a multiplication with the branch/edge loop incidence matrix C.  C is defined 

as: numbers +1, -1, or 0 are to be entered in the 
thi  row and 

thj  column, depending on whether, in the 
thj  loop, 

the 
thi branch/edge has the same or opposite direction with respect to the loop or is not contained in it.  Since the 

individual element of the loop impedance matrix loopZ  is calculated in accordance to the equation 
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loop CZCZ ,

1

,
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        (3) 

Taking into account the fact that in bbZ , only the diagonal elements differ from zero.  loopZ  receives a contribution 

in the sum of the right-hand side only when both incidence matrix element irC ,  and krC ,  are not equal to zero.  

The incidence element irC ,  and krC ,  describe the mutual orientation of the 
thi and the 

thk  loops with respect to 

the 
thr  branch/edge.  It is interesting to know that this mutual coordination, where it exists, that is, where there is 

branch/edge common to both loops, is for topological reasons independent of the branch/edge considered. 

The rules for determination of element kiZ ,  would be as follows: 

(a) In the main diagonal, the element kiZ ,  is equal to the sum of all impedance, which belongs to 
thi  loop --- self-

impedance. 

(b) Off the main diagonal, the element kiZ , = ikZ ,  is equal to the algebraic sum of all tree impedance, which 

simultaneously belongs to 
thi  and 

thk  loops.  The sign of the particular tree branch/edge in this sum is either 

positive or negative, depending on whether the 
thi  or 

thk  loops run in the same or opposite directions to each 

other through particular tree impedance --- self impedance. 

Since for a given loop pair - 
thi  and 

thk  loop--- mutual orientation is independent of the branch/edge common to 

them.  There is a loop-loop incidence matrix M whose elements are numbers 1, -1, or 0.  Those elements are to be 

entered in the 
thi  row and the 

thk  column, depending on whether they are via the part common to the 
thk  and the 

thi loops--- both loops have the same or opposite orientation or no common part of both loops.  

 

The element of the loop-loop incidence matrix M, located in the 
thi  row and 

thk  column, can also be determined 

by calculation from the equation: 

  







 



b

r

krirjkki CCsignmm
1

,,,,      (4) 

If )( bbi Zm  is the set of all impedance bbZ  contained in the 
thi  loop, the intersection )( bbi Zm   )( bbk Zm  is 

the set of all impedance bbZ  contained simultaneously. 
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Table 5 Loop Table 

 
First Node Second Node Line Number 

Loop 1:   

1 9 1 

9 1 0 

Loop 2:   

4 9 0 

9 1 0 

1 4 0 

Loop 3:   

2 6 0 

6 1 0 

1 4 0 

4 2 0 

Loop 4:   

2 6 1 

6 1 0 

1 4 0 

4 2 0 

Loop 5:   

2 10 0 

10 1 0 

1 4 0 

4 2 0 

Loop 6:   

2 7 0 

7 10 0 

10 1 0 

1 4 0 

4 2 0 

Loop 7:   

5 7 0 

7 10 0 

10 1 0 

1 4 0 

4 2 0 

2 5 0 

Loop 8:   

5 8 0 

8 3 0 

3 10 0 

10 1 0 

1 4 0 

4 2 0 

2 5 0 

 

The rule for determination of kiZ ,  in accordance with equation 2 can be replaced, set theoretically, by the following 

rule using the matrix M: 

 

      



b

r

bbkbbikiloop ZmZmmZ
1

,      (5) 
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i

K

I

K

(1) (2)  
(1) The 

thi  and the 
thk  loops have two tree branches/edges in common.  Since loop orientation runs 

along these two edges/branches in the opposite direction, therefore the sign for 1, kim . 

(2) The 
thi  and the 

thk  loops have no tree branches/edges in common; therefore 0, kim .  

 
   Figure 5-1. Generating a Loop Impedance Matrix 
 

3.4.2 With Mutual Coupling 

Let us now consider the following configuration.  In the first step, we will consider only the impact of mutual 

coupling.  Suppose we have two loops, the 
thi  loop and the 

thk  loop, of a network or circuit.  These two loops 

arrangement are depicted in Table 6 below. 

 

The element of the matrix loopZM  in the 
thk  column or row and 

thi  row or column due to mutual coupling 

between a tree branch/edge 1 4 and tree branch/edge 2 3 can be determined as follows.  We know that 
thi  loop has a 

tree branch/edge 1 4 and the 
thk  loop has a tree branch/edge 2 3. 

 

     kiloop ZmkiZM ,, , where the sign of this coupling group equal to +1 because the 
thi  loop current in 

branch/edge 1 4 runs in the same orientation to the 
thk  loop current in the tree branch/edge 2 3. 

 

However,      iiloop ZmiiZM ,, , where the sign of this coupling group equal to -1 because the 
thi  loop 

current in branch/edge 1 4 does not run in the same orientation to the 
thi  loop current in the tree branch/edge 2 3. 

 

Table 6. Sample Loop Table 

First Node Second Node Line Number 

Loop i    

4 5 0 

5 1 0 

1 4 1 

Loop k    

2 4 0 

4 1 0 

1 3 0 

3 2 1 
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The rules for determination of the element loopZM  ki,  would be: 

(a) On the off the main diagonal, the element loopZM  ki, is equal to loopZM  ik, , and  is equal to the 

algebraic sum of all mutual impedance of all branches/edges, which belong to the 
thi  loop and have mutual 

couplings with branches/edges which belong to the 
thk  loop; the sign of the particular coupling group is 

positive or negative depending on whether the 
thi  loop current in the branches/edges concerned has the 

same or opposite orientation to the 
thk loop current in the same branches/edges concerned. 

(b) On the main diagonal, the element loopZM  ii,  is equal to the algebraic sum of all mutual impedance of 

all branches/edges, which belong to the 
thi  loop.  They have mutual couplings with branches/edges, which 

also belong to the 
thi  loop. The sign of the particular coupling group is positive or negative depending on 

whether the 
thi  loop current in the branches/edges concerned has the same or opposite orientation to the 

thi loop current in the same branches/edges concerned. 

      



bb

r

bbkbbikiloop ZMmZMmmmkiZM
1

,,    (6) 

Where kimm ,  is the sign and bb is the number of mutual couplings, so if we know also consider the effect of 

mutual coupling, equation (5) can be re-written as: 

 

     



bb

r

looprbbkbbiki

ki

loop kiZMZmZmmZ
1

.

),( ),(     (7) 

1

3

2

4

5  
   The 

thi  loop has a tree branch/edge 1 4 and  

  the 
thk  loop has a tree branch/edge 2 3.  The mutual coupling 

between the 
thk  loop and the 

thi  loop is equal to kiZm ,  

 
  Figure 6 Generating a Loop Impedance Matrix When mutual coupling exists 

 
4.  THE EXISTENCE AND UNIQUENESS OF THE SOLUTION TO POWER SYSTEM  

To obtain the solution to a power system network analysis problem the bus voltage and each branch current forming 

the power system network has to be determined, given a knowledge of the structure of the linear, time-invariant 

power network, the interdependence between currents and bus voltages of the coupled and uncoupled passive two 

terminal elements modeling the branches, and the characteristics of Thevenin and Norton equivalent-power circuits 

of generators.   
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The number of branch-currents and branch-voltages to be determined is b2 .  The above characteristics of the two-

terminal elements yield b  equations for the currents and voltages of the two-terminal elements forming the power 

network.  The number of the linearly independent cutset equations are, and of loop equations is  , i.e. further   

equations are obtained from Kicrhoff’s laws.  Thus on the whole,   equations may be written for the determination of   

unknowns, and so the problem is solvable unless the equations are inconsistent or redundant.  Redundancy or 

inconsistency may appear in Kirchoff’s equations if two-terminal elements with fixed bus voltages form a loop or if 

two-poles with fixed currents form a cutset.   

 

22
Investigate Table 5;

especially the ith loop and

the kth loop

ki ki 

Zloop (i,i) = sum of all mutual

impedances of those coupling

groups in the ith loop of the

Table 5.  The sign is + or -,

depending on wjether the ith

loop branches concerned run

in the same or opposite

direction to each other.

24

Search in Table 5 for branches which

simultaneously belong to the ith and

kth loops

notfound Zloop (I,k) = 0

26

Zloop(I,k) = algebraic sum of all

mutual impedances of the coupling

groups which simultaneously belong to

the ith and kth loop.  The sign in the

sum is + or -, depending on whether

the ith and the kth loop run in the

same or opposite direction to each

other

Have all loops in Table 5

been examined ?
noyes

22

24
Figure 6-1 generating Zloop with Mutual Couplings

 

5. POWER SYSTEM FAULTED STUDIES  

Power systems faulted studies can be categorized as short circuits and line interruptions.  Table 7 shows the various 

kinds of power system faulted studies. 

Table 7 Types of Power System Faults 

Short Circuits Faults Line Interruptions 

Single Line-to-Ground Fault (SLG) Single Line Open (1LO) 

Double Line-to-Ground Fault (2LG)  Double Line Open (2LO) 

Three-Phase-to-Ground Faults Three Line Open (3LO) 

 



IJRRAS 10 (2) ● February 2012 Oepomo ● Graph Theory and Topology for 3 Phase Power System 

 

 
 

232 

 

 

Power system short circuits can be calculated either on a three-phase basis, by method of phase coordinates/phase 

frame reference, or by the method of symmetrical components.  A symmetrical components approach was selected 

for the work reported here for two reasons: 1
st
, present calculations are done this way in similar usage, and 2

nd
, a 

larger network can be solved by components with a PC of given memory size.  Since power system generated 

voltages are positive sequence even a component analysis can present a very complicated circuit when there are 

numerous voltage sources in a system, each of which is represented by its internal generated emf in series with its 

internal impedance.  The a-c network calculator permits the presentation of each generated voltage magnitude and 

phase angle where it appears in the network, but the circuit is usually solved more conveniently by the application of 

Thevenin’s theorem. 

This theorem is useful in analyzing a network or part of a network when its reactions at a particular pair of terminals 

are of prime importance, as is this case in the calculation of short circuit current at a point of fault.   The theorem can 

be stated as follows: with respect to any single external circuit connected to any given pair of terminals of a network, 

the network can be replaced by a single branch having an impedance Z equal to the impedance measured at these 

terminals looking into the network (when all the network emf’s are made zero) and containing a single emf E
f
 equal 

to the open circuit voltage of the network across the given pair of terminals. 

The application of Thevenin’s theorem can be illustrated by consideration of the simple three-phase fault.  The 

terminals of the equivalent circuits for the theorem are the point of fault and the zero potential bus of the network.  

The power system behind these terminals is replaced by an equivalent emf E
f
 in series with the positive sequence 

impedance Z1, see Figure 11; then the system short circuit is applied by short-circuiting the terminals of the 

equivalent circuit. 

According to the theorem, 
fE  is the open circuit voltage across the given pair of terminals.  There open circuits 

means without the fault applied.  Thus 
fE  is the voltage to neutral at the point of fault without the fault and is 

usually a know system operating voltage.  It is the reference phase or for the calculation.  The equivalent impedance 

is the positive sequence impedance looking into the terminals at the point of fault with all internal generated emfs 

short-circuited.  The short circuit current per phase is then 

1Z

E f

.  Thus the internal generated voltages need not be 

determined to calculate the current flowing due to fault.   

6.  EFFECT OF LOAD CURRENTS 

An important point to remember is that Thevinin’s theorem gives a valid circuit describing conditions at the 

terminals of the equivalent network.  It accurately gives the total symmetrical current flowing in the fault.  This 

current can be divided among the branches of the sequence network by the number of distribution factors; but when 

this division is obtained the resulting current is not the total symmetrical branch current.  It is only the current 

flowing in the branch due to the fault.  Normal current should be added properly to obtain the total actual branch 

current.  After, load is neglected in short circuit calculations because it is small and out of phase with the fault 

current, but in some problems it can be significant and should be included by simple addition.  Load current is more 

likely to be significant in system of relatively low short circuit capacity and low 
R

X
 ratio.  Of course, normal load 

current is not a component of current in the fault but it is a part of the total current flowing in the network branches 

feeding the fault. 

7.  CALCULATION OF BUS FAULTS 

The network of Figure 7 illustrates procedure to solve a faulted power system network.  A pint of significance is that 

no real differences exist in the problems encountered in three phase and single phase line to ground fault 

calculations, other than that inductive mutual coupling is normally negligible in the positive sequence network but 

not in the zero sequence network.  To simplify the explanation, a single simple network embodying the features 

required to illustrate all the points has been proposed.   

In Figure 7, an arrow shows the positive reference for current (and voltage) in each of the branches of the network.  

The positive reference is from the low numbered node to the high numbered node in each branch.  The network tree 

is, of course, not unique, but for the particular node numbering scheme shown, Figure 8 shows the network tree that 

would be selected by the computer software.   

At this point the assumption is made that the network voltages and currents are required for successive faults on 

each of the nodes.  Note now that the network tree is such that all nodes except the mutual are connected to other 

nodes by tree branches, which are entirely in the transmission network.   The neutral is connected to other nodes 



IJRRAS 10 (2) ● February 2012 Oepomo ● Graph Theory and Topology for 3 Phase Power System 

 

 
 

233 

 

 

through the tree branches represented by generator impedance 5,1Z (node 5 is a reference node).  All other shunt 

branches are thus link branches.   The network is shown in Figure 9 with the addition of four fault branches from 

each of the nodes 1, 2, 3, and 4 to neutral node: 5.  

 

A list of impedances in Figure 9 follows: 

621.6463.4

752.1127.1

481.3.421.1

03.1746.0

445.2702.1

104.00

221.00

11

10

9

8

7

6

5

jZ

jZ

jZ

jZ

jZ

jZ

jZ















        (8) 

 

Where 11Z = Impedance between Bus 1 and neutral node: 5, next to 10Z  as indicated in Figure 9.  There are two 

lines that are connected Bus 1 to neutral node: 5.   

             

The mutual coupling between tree branches 2  3 and 1  4 is 

 

   
203.14075.0 jZmutual 

     (9) 
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Figure 7  Four Bus 3 Machine System with Mutual Reactance and Assumed Directions of Positive Current Flow. 
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Figure 8   System of Figure 7 Showing Tree Branches as Solid Lines and Links as Dashed Lines. 
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Figure 9 System of Figure 8 with Addition of Fault Links on Each Bus. 

 
After the computer has selected the network tree and the link branches as shown in Figure 9, the computer next 

proceeds with formation of loops and the loop impedance matrix, LoopZ . 

 

Assuming for the moment that there are no voltage sources in the network, the loop equations for the example are 

written as follows. 

 

Link 1 closes loop: 
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  0)00()752.1127.1(752.1127.1

752.1127.1)752.1127.1(752.1127.1752.1127.1

765

4321





IjIjIj

IjIjIjIj

 
 

Link 2 closes loop: 

     

  0)454.68015.4()955.25345.1(409.9336.6

955.25345.1)788.2873.1(409.9336.6752.1127.1

765

4321





IjIjIj

IjIjIjIj

 
 

Link 3 closes loop: 

     

  0)036.1746.0()752.1127.1(788.2873.1

752.1127.1)788.2873.1(788.2873.1752.1127.1

765

4321





IjIjIj

IjIjIjIj

 
 

           (10) 

Link 4 closes loop: 

     

  0)278.20135.1()233.5548.2(955.25345.1

233.5548.2)752.1127.1(955.25345.1752.1127.1

765

4321





IjIjIj

IjIjIjIj

 
 

Link 5 closes loop: 

     

  0)454.68015.4()955.25345.1(630.9366.6

955.25345.1)788.2873.1(409.9336.6752.1127.1

765

4321





IjIjIj

IjIjIjIj

 
 

Link 6 closes loop: 

     

  0278.20135.1()337.5548.2(2955.25345.1

233.5548.2)752.1127.1(955.25345.1752.1127.1
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IjIjIj
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Link 7 closes loop: 

     

  0)177.11517.7()278.20135.1(454.68015.4

278.20135.1)036.1746.0(454.68015.400

765

4321





IjIjIj

IjIjIjIj

 
 

The Equation 10 can be expressed in a matrix form as indicated in Equation 11. 

The first four equations of Equations 10 and/or 11 are loop equations due to fictitious link branch.  And the last three 

equations of Equations 10 and/or 11 are loop equations due to actual link branch of the network.    

 

177.11517.7278.20135.1454.68015.4278.20135.1036.1746.0454.68015.400

278.20135.1233.5538.2955.25345.1233.5538.2752.1127.1955.25345.1752.1127.1

454.68015.4955.25345.1630.9336.6955.25345.1788.2873.1409.9336.6752.1127.1

278.20135.1233.5538.2955.25345.1233.5538.2752.1127.1955.25345.1752.1127.1

036.1746.0752.1127.1788.2873.1752.1127.1788.2873.1788.2873.1752.1127.1

454.68015.4955.25345.1409.9336.6955.25345.1788.2873.1409.9336.6752.1127.1

00752.1127.1752.1127.1752.1127.1752.1127.1752.1127.1752.1127.1
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(12) 
 
With the network Equation 10 or the Matrix Equation 12 available as shown, the loop currents for each of the faults 

are obtained in the following manner.  Assume node 1 is faulted and the link currents 2I , ,3I and 4I   are zero.  

Make the assumption that the fault current in link 1 is (1+j0.0).  Then the unknown currents 5I , ,6I and 7I  can be 

calculated from matrix relation as described in Equation 12; it yields the following equations: 

 

  752.1127.1)454.68015.4()955.25345.1(630.9366.6 765 jIjIjIj 
 

 

  752.1127.1)278.20135.1()337.5548.2(2955.25345.1 765 jIjIjIj 
                (13) 

 

  0)77.11517.7()278.20135.1(454.68015.4 765  IjIjIj
 

 

Of course, the fault current will not actually be (1+j0) as assumed in the foregoing, but simple multiplication of each 

loop currents by an appropriate factor will remedy this error.  To determine this factor, the values of 

654321 ,,,,, IIIIII , and 7I  can be substituted into the first equation of Equation 10 or 11 and the right hand side 

required for balanced determined.  This number is designated 
11E , the equivalent fault voltage source in series with 

link 1 that is necessary to make the assumed current of (1+j0) exist.  The ratio of known actual equivalent voltage 

source 
fE  at the fault to that calculated, 

11E , is the desired factor.  Fault at other buses or nodes are calculated by 

setting the appropriate fault current equal to (1+j0) with other fault link currents set to zero. 

The network currents were obtained by substitution of (1+j0) for one of the fault currents, say at node 1, into the 

final three equations of the set and at the same time setting the other fault link (fictitious link) currents equal to zero.  

The currents 65 , II , and 7I  were then determined ignoring the first four equations of Equations 10 or 11.   

Obviously, substitution of these links currents back to the first four equations of Equation 10 or 11 requires 

something other than zero on the right hand sides of these equations.  In fact, it has already been stated that if the 

currents obtained for a fault on node 1 were substituted in the first equation of equation 10 or 11, the right hand side 

needed to satisfy the first equation of Equation 11 is the voltage 
11E  required at fault to produce the assumed and 

calculated currents in the network.   However, this voltage source alone will not result in the currents, being as they 

are.  Indeed a voltage source will be required in each of the three fault links that carry zero current to keep those 

currents at zero.    

The value of any these voltage sources can be determined by substituting the seven current values into the 

appropriate equation and computing the right hand side needed to balance the equation.  The conclusion to be drawn 

is that the network currents have been determined for the voltage sources 
11E , 

12E ,  
13E , and 

14E  shown in the 

four fault links in Figure 10.  The first superscript indicates the node the fault is on, and the second indicates the 

fault link where the voltage source exists.  Then the problem is to determine the actual system voltages to ground at 

the various nodes in terms of these voltage sources.  Figure 11 shows a general schematic with reference busses 

labeled and a fault at F.  The voltage above ground at any interval bus, say 
12E , can be obtained in the conventional 

way by subtracting the voltage drop due to the fault from the voltage before the fault or  

 

    
 1

2 IZEE f 
     (14) 
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Figure 10 System of Figure 9 Illustrating Concept of Voltage Sources in Each Fault Link. 

 

But Figure 11 shows that this is exactly equal to  2IZ   by Kirchhoff’s law.  Using this concept of voltage rise 

above the fault point, an inspection of Figure 10 readily yields the following node voltages for a fault at node 1 and 

fault current of (1+ j0).  

   
14114

13113

12112

EEE

EEE

EEE







       (15) 

The voltage at the faulted node 1 of current of (1+j0) is obviously 

   
  ff ZZjE  011

      (16) 

Where fZ  is the impedance through the fault path from node 1 to neutral?  These various node voltages must be 

scaled to account for the fact that the fault current is different from (1 + j0) just as the network currents were scaled.   

A slight modification of the foregoing procedure yields zero sequence voltages in the single line to ground fault 

calculation. 

.F .

fE

2E

 
1IZ

 2IZ

I

 
Figure 11 General Positive-Sequence Circuit Showing Reference Busses for Determination of System Voltages 
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After solving Equation 12 or 13, we may write: 
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4

3

2

1

7

6

5















I

I

I

I

jI

jI

jI

      (17) 

The remaining branch currents are obtained by using the properties of Kirkchhoff’s current law. 
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     (18) 

 

The voltages 
11E , 

12E ,  
13E , and 

14E  are 
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     (19) 

 

Then the node voltages are 

  
082170.1612340.0

021600.1063729.0

134240.1615760.0

0

4

3

2

1

jE

jE

jE
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      (20) 

All that remains is to scale these currents by the ratio 
11E

E f

 In this case the value of 

775272.0430018.0
11

j
E

E f


, and we get: 
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     (21) 

8.  TECHNICAL DISCUSSIONS 

a. Boundary Condition Issue:  

Maximum boundary condition is related to current; while minimum boundary condition would be related to electric 

potential and stability during short-circuit design and studies.  However, in power system fault calculation the 

voltage at the faulted bus is used to calculate how many Amperes will be the fault current.  Short circuits have both 

voltage and current effects. Each is of concern for different reasons. Short circuit current determines the size of 

wires and especially the size of the circuit breakers necessary to interrupt the faults, and the settings of these 

breakers. Low voltages from short circuits ("voltage sag") can cause problems for equipment connected to the power 

system at some distance (several buses) from the location of the fault.  Mechanical, electrical and thermal short 

circuit design is current based.  However, there is also a problem due to transient over-voltages after switching 

operation especially in highly inductive grids; both current and voltages should be considered for correct design of 

insulation.  The limits on short circuit design are mainly the dielectric stress (voltage issue), and mechanical stress 

(current issue).  Classical studies on short-circuits are performed mainly to rate circuit breakers and tune protections.  

However, power quality issues, such as voltage dips due to short-circuits, is definitely an important issue to consider 

especially in industries with control systems that rely in PLC’s for automation.  

   

b. Mutual Inductance Issue:  

The mutual inductance between two distant transmission lines is important and necessary in power system analysis 

to perform interference analysis, i.e. inductive interference, during single phase faults.  It can be concluded that the 

use of mutual inductance is in the calculation of zero sequence impedance.  Also, the mutual inductance is important 

for the synchronous and inductive machines when they are modeled for fault calculations.  Mutual inductance is 

important only when the lines are on the same tower.  In addition it is also important if the lines are in the same 

corridor, adjacent to each other, but on different towers.  So mutual inductances between phases have to be 

considered as long as single-phased, shielded cables are not in use.  Mutual inductances between systems on parallel 

lines on different power lines may be neglected.  Otherwise, when the line current is unbalanced, then mutual 

inductances between adjacent parallel lines are required to be considered.  The best way is to simulate and compare 

between the two cases, with and without mutual inductance.  Mutual inductance between conductors in parallel is 

important in unbalance system calculations, especially in fault analysis.   

  

c. Reference Point Issue:  

If a large power system contains transformers, generators, and transmission lines with different voltage levels, then 

reference point is needed, all values will be then calculated in per unit and then can be found in Ampere and voltage.  

However, if ground is not included in the development of BusZ  matrix a bus known as slack or swing bus is using 

as reference bus and all the variables measured with respect to this reference bus.  There is an implicit reference 

point of ground in all power system network analysis. It is in the form of a bus with a reference angle (the swing, or 

slack bus), which is needed in power analysis.  Many approximate methods for short circuit analysis do not bother 

finding voltage angles, since current and voltage magnitudes are the primary concern and most impedance can be 

treated as reactance without losing much accuracy. In these cases no slack bus is needed.  So a slack node is not 

absolutely necessary, only if a detailed short circuit analysis is carried out including a power flow calculation.  If a 

short circuit analysis based on standards, IEC 909, is used then a load flow calculation is not required; therefore, a 
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slack node is not needed.  It can be concluded that for short-circuit studies the reference is ground; it is assumed that 

the generators are grounded, and a second reference, such as a slack bus for load flow studies, is not required during 

short-circuit studies.  A standardized short-circuit calculation is treated the system as a linear system so that standard 

circuit technique can be used.  In general, short-circuit analysis has an embedded reference point, usually is the 

ground connection.         

 

d. LoopZ  Issue:  

The mathematical model of power system network for the purpose of steady state analysis such as load flow and 

planning studies or short circuit studies, are a set of network equations.  These network equations can be established 

either in the bus frame of references using BusZ , in the loop frame of reference using, or in the branch frame of 

reference using BranchZ .  In order to solve network equations of a large-scale power system network; it is necessary 

to choose the proper frame of references with the least matrix’s size, i.e. the least number of rows and/or columns.  

This is done to optimize computer memory and also to reduce computational time in order to save the cost of 

computations.  This is why the size of the matrix and its exploitations are very important in the formulations and 

analysis of power system under faulted studies.  In practical application, BusZ  is more common than LoopZ  

analysis; however, if the size of the matrix is of a great concern in term of a reduction of the required memory to be 

stored during fault studies, then LoopZ  can gain some benefits.  If the original power network has n nodes and b 

branches, then the number of linearly independent current and voltages law equations is (b-n+1).  The size of the 

LoopZ  matrix is (b-n+1) by (b-n+1); so for the same power network the size of the BusZ  matrix is (n-1) by (n-1).  It 

can be concluded that if (n-1) is bigger than (b-n+1) then the size of the BusZ  matrix is bigger than the size of the 

LoopZ  matrix.  It should be apparent that computer using either a loop or a bus matrix technique may solve power 

system faults.  But there are other important considerations which should be mentioned such as computer memory 

utilization to store the Z matrix.  Recently, processing power system studies has mushroomed and computer size 

shrunk, to the pointy where today, a power system engineer can sit at his desk and optimize the performance of large 

power system networks in real times.  In the nodal reference frame, the network is modeled by voltages at and 

current injections into each node within the network.  In contrast, the loop reference frame is modeled by the 

voltages and currents around each loop formed within the network and network behavior is characterized by the 

flows within each assigned loop.  In either case, formation of network equations is dependent on the frame of 

reference adopted.  Use of the nodal reference frame is widely accepted.   Despite this, the nodal frame of reference 

can only provide information for a point (node) within the network.  It is not able to provide any indication about the 

distribution of power flow contributed by different sources through the network.    

 9. CONCLUSION 

 Algorithms have been derived for forming a loopZ   matrix by graph theory.  Such a matrix contains the information 

regarding the number of independent equations, which needed to establish the required number of independent mesh 

or loop equations.  Considering several immediate applications, the author chooses to work with the formation of  

loopZ  matrix for solving power system faulted studies.  The main limitation of this approach is the presence of 

multiple, equally valid, loop combinations for any network.  Graph theory concepts such as “breadth first” and 

“depth first” search strategies were used to limit the number of possible loop combinations.  Use of the nodal 

reference frame is widely accepted.   Despite this, the nodal frame of reference can only provide information for a 

point (node) within the network.  It is not able to provide any indication about the distribution of power flow 

contributed by different sources through the network. 

In this paper, a direct approach algorithm for fault studies in power system has been developed. The features of this 

method are robustness and computer economy. The Z-Loop matrix, developed based on the topological structure of 

power systems have been used to solve the fault studies problem. The loop impedance matrix is responsible for the 

variation between the loop current and branch current, and the branches and links tables are responsible for the 

variation between the branch current and links current. The proposed solution algorithm is primarily based on these 

two tables and without any matrix multiplication. Time-consuming procedures, such as Bus impedance and loop 

impedance matrix are not needed, and the ill-conditioned problem which occurs during the matrix multiplication 

does not exist in the solution procedure. Therefore, the proposed method is robust and economical. Test results show 

that the proposed method is suitable for power faulted system calculations in large-scale distribution systems. Other 
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issues involved in distribution system operation, such as multi-phase operation with unbalanced and distributed 

loads, voltage regulators and capacitors with automatic tap controls, will be discussed in a future paper.   

 ZLoop were found to exhibit a trend to yielding higher estimates for initial symmetrical and peak fault currents. 

 Computer simulations performed with both methods suggest that adherence to either methods from beginning to 

end is essential for consistent results.  Furthermore, quantities needed by either method are not necessarily 

computable by the other.  Therefore, using results calculated according to either method to estimate quantities 

needed by other can lead to significant simulation errors. 

This Zloop method in this manuscript was constructed without using matrix multiplication; so no new matrix is 

required to be constructed for different a bus to be faulted as it is presented in the Appendix of this manuscript.  

Even if new branches, generators, and motors are added, this method will be a lot easier to handle. 

If the number of buses is more than the number of independent loops in the power systems, then the size of the Zloop 

matrix will be less than the size of the ZBus matrix. 

Since the trend is toward the solution of very large networks, the Zloop technique has definite advantages. It can 

effectively and economically solve networks at least 10 times of Buses as large as the independent loop equations 

It should be apparent that either Zloop or ZBus may solve power system faults.  It is also apparent that the ZBus 

technique has its problems: the ZBus method in its difficult and time consuming matrix formation method. 

In the Zloop method mutually coupled or not, it is easier to construct than the ZBus method 
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A.  Power System Diagram Under study 
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B. List of Impedance Ten Bus System 

 

Bus 15 is the reference bus 

 
Bus Bus + Sequence R in % + Sequence X in % 0 Sequence R in % 0 Sequence X in % 

15 1 0.0 1.00 0.1 6.00 

15 3 0.0 1.00 0.1 7.00 

15 5 0.0 1.00 0.1 5.00 

      

15 7 0.2 10.00 -- -- 

15 2 -- -- 0.0 12.00 

15 4 -- -- 1.00 30.00 

15 6 -- -- 1.50 35.00 

15 8 -- -- 0.00 12.00 

1 2 0.0 12.00 -- -- 

1 7 6.70 20.00 13.50 65.00 

1 10 10.10 30.00 21.90 95.00 

2 8 70.00 84.00 83.40 185.00 

3 4 0.0 12.00 -- -- 

3 5 6.70 20.00 17.00 60.00 

3 10 (1) 6.70 20.00 15.00 70.00 

3 10 (2) 6.70 20.00 15.00 70.00 

4 6 70.00 84.00 145.00 240.00 

5 6 0.0 12.00 -- -- 

5 14 (1) 6.70 20.00 15.00 65.00 

5 14 (2) 6.70 20.00 17.50 70.00 

7 8 0.00 12.00 -- -- 

7 14 10.10 30.00 22.50 95.50 

  

Zero sequence mutual impedance 

 

3 to 10 (1) with 3 to 10 (2)   0.00    20.00 

5 to 14 (1) with 5 to 14 (2)   0.00    22.00 

 
Appendix II Three Phase Fault 

 
Table 8  3 Phase fault-currents 

 

First node Second node Line number  Magnitude  Angles 

 

Fault at Bus 14 

1  15   33  0.   0 

2  15   33  0.   0 

3  15   33  0   0 

4  15   33  0   0 

5  15   33  0   0 

6  15   33  0   0 

7  15   33  0   0 

8  15   33  0   0 

10  15   33  0   0 

14  15   33  11.34    -73.0119 

3  15   0  -0.44   -54.2934 

7  15   0  -1.739   -79.6090 

3  5   0  0.37448   -56.4282 

3  10   3  0.00545763  -49.6557 

4  6   0  0.06137   -41.9998 

5  14   1  4.3636   -72.9178 

5  14   2  4.3636   -72.9178 

7  8   0  -0.128585  -48.8380 

1  2   0  0.128585   -48.8380 

1  7   0  0.78460   -63.26639 

1  10   0  -1.091522  -49.65584  

1  15   0  -0.899   -61.3878 
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2  8   0  0.128585   -48.8380 

7  14   0  2.61822   -73.32556 

3  10   1  54.57584   -49.65599 

5  15   0  8.31669   -73.8674 

3  4   0  6.137291   -41.9998 

5  6   0  6.137291   -41.9998 

 

Fault at bus 8 

1  15   33  0   0 

2  15   33  0   0 

3  15   33  0   0 

4  15   33  0   0 

5  15   33  0   0 

6  15   33  0   0 

7  15   33  0   0 

8  15   33  6.26735   -83.32561 

10  15   33  0   0 

14  15   33  0   0 

3  15   0  -0.086851  -55.4787 

7  15   0  3.346269   86.04407 

3  5   0  0.031386   -62.0455 

3  10   3  2.532857   -52.21295 

4  6   0  0.00514391  -47.6172 

5  14   1  0.38817   -76.90387 

5  14   2  0.38817   -76.90387 

7  8   0  5.56081   -87.44366 

1  2   0  0.8244195  -54.34198 

 

 

Table 8  3 Phase fault-currents (Continued) 

 

First node Second node Line number  Magnitude  Angles 

 

Fault at Bus 8 

 

1  7   0  1.49191   -78.2838 

1  10   0  -0.0506571  -52.21294 

1  15   0  -2.221649  -70.2063 

2  8   0  0.8241053  -54.34198 

7  14   0  -0.7763468  -76.9038 

3  10   1  0.02532854  -52.21294 

5  15   0  0.7415982  -77.72005 

3  4   0  0.00514391  -47.61726 

5  6   0  0.00514391  -47.61726  

 

  

Fault at Bus 5 

 

1  15   33  0   0 

2  15   33  0   0 

3  15   33  0   0 

4  15   33  0   0 

5  15   33  106.9175   -88.74052 

6  15   33  0   0 

7  15   33  0   0 

8  15   33  0   0 

10  15   33  0   0 

14  15   33  0   0 

3  15   0  -5.132707  -70.79872 

7  15   0  -1,365596  -79.1249 

3  5   0  4.511931   -72.49951 

3  10   3  -5.139792  -54.20027 

4  6   0  0.7394479  -58.06703 

5  14   1  -1.025673  -72.94275 
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5  14   2  -1.025673  -72.94275 

7  8   0  -0.1002329  -48.56314 

1  2   0  0.1002329  -48.56314 

1  7   0  0.6116014  -62.99155 

1  10   0  0.1027960  -54.20021 

1  15   0  -0.8112831  -60.11691 

2  8   0  0.1002329  -48.56314 

7  14   0  2.051350   -72.94264 

3  10   1  -5.13982   -54.20013 

5  15   0  -100   -89.99994 

3  4   0  0.7394479  -58.06703 

5  6   0  -0.7394479  -58.06703 

 

Appendix III S. L. G. (Single Line to Ground Fault)  

 

Table 9 S. L. G. phase A fault-currents 

 

First node Second node Line number  Magnitude  Angles 

 

Fault at Bus 14 

1  15   33  0.   0 

2  15   33  0.   0 

3  15   33  0   0 

4  15   33  0   0 

5  15   33  0   0 

6  15   33  0   0 

7  15   33  0   0 

8  15   33  0   0 

10  15   33  0   0 

14  15   33  53.3627    -77.736 

3  15   0  -0.242367  -62.20164 

7  15   0  -0.54532   -84.3336 

3  5   0  0.209036   -63.36288 

3  10   3  0.0074273  -65.67139 

4  6   0  0.019244   -46.72447 

5  14   1  2.09514   -78.0240 

5  14   2  2.09514   -78.0240 

7  8   0  -0.0403196  -53.56261 

1  2   0  0.0403196  -53.56261 

1  7   0  0.64888   -72.72079 

1  10   0  -1.485465  -65.67139  

1  15   0  -0.672324  -71.74844 

2  8   0  0.0403196  -53.56261 

7  14   0  1.22493   -77.24107 

3  10   1  0.007427301  -65.67128 

5  15   0  3.89307   -78.80217 

3  4   0  0.0192442  -46.7244 

5  6   0  0.0192442  -46.7244 

 

 

Fault at bus 8 

1  15   33  0   0 

2  15   33  0   0 

3  15   33  0   0 

4  15   33  0   0 

5  15   33  0   0 

6  15   33  0   0 

7  15   33  0   0 

8  15   33  6.93143   -84.7688 

10  15   33  0   0 

14  15   33  0   0 

3  15   0  -0.06403601  -56.92195 

7  15   0  2.467223   84.60095 

3  5   0  0.02314174  -63.48868 
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3  10   3  0.0186749  -53.65614 

4  6   0  0.0037926  -49.06046 

5  14   1  0.2862020  -78.34702 

5  14   2  0.2862020  -78.34702 

7  8   0  4.1   -88.8868 

1  2   0  0.6076179  -55.78516 

1  7   0  1.09999   -79.7269 

1  10   0  -0.0373498  -53.6561 

1  15   0  -1.638036  -71.64955 

2  8   0  0.730014      -57.00221 

7  14   0  -0.5724053  -78.34695 

3  10   1  0.01867488  -53.65613 

5  15   0  -0.5467849  -79.16324 

3  4   0  0.00379643  -49.06046 

5  6   0  -0.00379643  -49.06046 

 

 

Fault at Bus 5 

 

1  15   33  0   0 

2  15   33  0   0 

3  15   33  0   0 

4  15   33  0   0 

5  15   33  46.55746                  -88.04462 

6  15   33  0   0 

7  15   33  0   0 

8  15   33  0   0 

10  15   33  0   0 

14  15   33  0   0 

3  15   0  -2.483091  -72.57080 

7  15   0  -0.396434  -78.42903 

3  5   0  2.337837                  -73.59856 

3  10   3  -0.03158716  -59.44356 

4  6   0  0.2146627  -57.37112 

5  14   1  -0.4704891  -74.70018 

5  14   2  -0.4518557  -74.2513 

7  8   0  -0.02909777  -47.86725 

1  2   0  0.02909777  -47.86725 

1  7   0  0.5010326  -72.84871 

1  10   0  0.06317389  -59.44328 

1  15   0  -0.5894768  -70.22978 

2  8   0  0.02909777  -47.86725 

7  14   0  0.9223379  -74.46030 

3  10   1  -0.03158673  -59.44307 

5  15   0  -43.22185  -89.24977 

3  4   0  0.2146627  -57.37112 

5  6   0  -0.2146627  -57.37112 

 
 
 


