Operation and Planning of Power Distribution Systems
Prof. Dr. Sanjib Ganguly
Department of Electronics and Electrical Engineering
Indian Institute of Technology, Guwahati

Lecture - 20
Forward backward load flow approach for power distribution systems

From my last lecture | started discussion on an important subroutine which we often use
in power system planning ok and also in power system operation ok. And this is called
load flow or power flow analysis and since, as | said, the distribution networks are

mostly operated in as a radial network.

So, we need a special type of load flow or power flow analysis approach ok and that is
one of the approaches | will talk about here, and that is a very simple approach, that is
basically the applications of Kirchhoff’s current law and Kirchhoff’s voltage law in a
iterative way ok. And this is called forward backward sweep load flow or power flow

analysis ok.
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So, in order to discuss this approach, | took an example of a simple 6-bus or 6-node

distribution network ok, 6-node distribution network.
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And in my last lecture, | discussed how to prepare these two important data files which
are required for this power flow analysis or load flow analysis approach. And this is how
we use this node data and this line data information in order to perform this forward
backward sweep load flow ok, these are essential.

So, one should know how to compute this data file first. So, | started my discussion with
this. And then there are many things like how to convert these quantities to per unit, this

| discussed, and how before that, how to choose the base voltage and base volt ampere or
base MVA, those things I discussed.
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And then in this part I will discuss two important steps, one is called backward step,
another is called forward step or one is called backward sweep, another is called forward
sweep ok. How to perform these two steps? This | will discuss considering this example,
once you understand these steps you can even try to write the program codes on this
particular iterative approach in order to solve this power flow for any type of distribution

network.

Of course, the condition is to be satisfied that the distribution network needs to be radial
ok. So, that is the important consideration here. So, this approach will work for radial
networks only ok, and in this particular slide 1 will discuss how to calculate. In fact, |
chalked out how to compute this line current from the load current information in

backward sweep.

And then, also I will discuss how to calculate or how to compute the bus voltage of all
the buses using this forward sweep ok; and these two steps we need to iteratively use
while getting the final solution. Now, if you look at this backward step here firstly, we
determine this load current; we firstly, determine this load current from this available
information that we have, because most of the nodes in distribution networks they are of

load nodes.

So, we know that what is the power demand, power demand means active power demand

and reactive power demand of that particular node ok; or rather to be more precise this is



the load demand of all the loads that are connected to that particular node. So, this is the
aggregated load demand of all the loads or all the customers who are connected to a
particular node. So, this P 2 is basically representing the active power demand of node 2;
that means, that it is basically active power demand of the aggregated loads who are

connected to the node 2.

So, there are, many number of customers may get connected to a particular node ok. And
this P 2 or P 3 or P 4 this power demand or active power demand specify the aggregated
demand of all the loads who are connected to these nodes, that is node 2, node 3, node 4
respectively ok. So, this, one has to understand and as | said the computation of the line
current is the main challenge for writing this generalized program code on this forward

backward sweep load flow algorithm.

And one can do either by tracing out this, that how many nodes are beyond a particular
node like this, this is one approach ok. So, once you trace down that this node number 3,
4, 5, 6 they are the nodes who are beyond this node 2, because this is very important
because if you look at the system from this particular node this power is flowing through
this node number 3, 4, then 6 and also 5 ok.

So, if you know that what are the nodes beyond any particular node for example, beyond
this node two we have node 5, node 3, node 6, and node 4 then one can find out what is
the power actually flowing through this particular node that is node 2. And once you
chalk out that ok you can easily compute the line current which is flowing through this

node number through the line which is connected to node number 1 to node number 2.

So, this is one way, and another way already | discuss this is how you can find out this
line current from this node current to first, you need to first find out the terminal node
and that is why let us start the end you know entry of this N r; N r here representing this
receiving N nodes ok and of course, this 3 6 means the 6 is the terminal node, beyond
that we do not have any load nodes. So, you start with that and then you find whether the

6 is appearing anytime to this N s data.

So obviously, it is not appearing and then you can understand that of course, there is
nothing beyond this node 6 ok, there is nothing and node 6 is one of the terminal nodes.
So, you start with this line current computation using this available value of P 6 and Q 6.



Once you get that, this will be the line you know load current, load current means the

current drawn by all the loads who are connected to node 6 ok.

So, once you get that information you store in an array or in some temporary memory.
Now, next you go to next node, that is node 5; again, you check whether node 5 is
appearing to the sending end node or not. So, it is not appearing, so then you can
understand that node 5 is also a terminal node; that means, beyond that we do not have

anything, node 5 is also a terminal node.

So, if it is so then, of course, we can calculate this load current and that load current
would be the line current which is connecting this node 5 from node 2. Similarly, this
from node 6 that load current would be equal to line current which is connecting node 3

to node 6.

So, now, you proceed to the next node you will get node 4, again it is also not appearing
in the sending end side. So, it is also a terminal node and you follow the same principle.
Then you come to this node 3 and here you can see node 3 is all appearing in the sending
end data 2 times; that means, node 3 is not a terminal node. So, it is connected to node 4
as well as node 6.

Now, here you can do one thing that you first determine the load current at node 3 ok. In
fact, load current is independent to all these nodes. So, you can compute it, | mean prior
to this particular operation and then while determining the current flowing through this
you know node 2 to node 3 you have to also consider this load current or node 4 because
you know this node number 4 its demand is coming through this line which is connecting

node 2 to node 3.

So, whatever current this | 23 it is function of this load current at node 4 as well. So, it is
function of load current of node 4 ok. So, that is why we need that ok otherwise if you
look at this line current which is connecting this node 3 to node 4, since it is node 4 is a

terminal node. So, it is independent of the load current of any other except this node 4.

So, | 34 which is the line current which is flowing from this node 3 to node 4, it is
independent of load current of any other node except this node 4. So, it is only equal to

the load current of node 4. So, this is something important, one has to understand that is



why | am focusing or I am emphasizing this in very detailed manner ok. So, same thing

is applicable for other terminal nodes like node 5 and node 6 ok.

So, in node 6 this line current which is flowing from node 3 to node 6, it is independent
of any load current except the load current of node 6. So, that is why | 36 is equal to this
load current of this node 6 that is | L 6. So, | 36 is equal to | L 6, if you put if you apply
KCL at this node you will get this current incoming current is equal to the outgoing

current that is | L 6 and so.

So, for terminal nodes there are this line which is connecting to the terminal node. So,
the line whose receiving end side is the terminal node it is only equal to the load current

of that receiving end node ok.

And that is, one needs to understand and that happens for all this terminal node 6 node 5
and node 4. So, any line which is connecting this terminal node, its line current equal to
the load current of the terminal node ok, but this is not applicable for any intermediate
node that is at node 3, this line current that is | 23, it not only depends upon the load
current at this you know node 3, but it also depends upon the load current of node 6 and

node 4 as well.

And that is why you can trace down this, that are there beyond this node 3 and that is
done in one of the approaches, that beyond this node 3 we have node 4 and node 6. So,
the line which is connecting this node 3, whose receiving end side is terminated at the
node 3 or whose receiving end node is node 3. So, it is, line current is equal to its own

load current as well as the load current of node 4 and node 6.

So, here one thing is assumed that there are no losses. So, losses are not considered here
because in a particular power I mean. So, when this power flows there are some amount
losses which | will come later on ok. Now, when you get that so node 3 its line current
which is connecting this node 3 at the receiving end side, its line current would be equal

to load current of this node 6, node 4 as well as node 3.

So, how to find out this? So, one way as | have already said by tracing down the nodes
that are beyond a particular node, prior to this approach starts another way is that you can
first see that at node 3 how many times it is appearing in the sending end. So, here, it is
appearing in two times, one is this, another is this ok. So, you take the corresponding



receiving end side load demand that is, load demand at node 4 and load demand at load
6.

Then again you have to see that whether load 4 and load 6 appearing any times in the
sending end side. If it is appearing then again, the corresponding receiving end load
should be added so that you can compute the line current for the line which is connecting
node 2 to node 3. These things happens when you go to node 2 for example, you see
node 2 you have to check first that whether it is appearing in the sending end side or not,
yes, it is appearing twice, one is this another is this.

So, corresponding you know load current that is node 3 load current and node 5 load
current is to be added, then you have to again check whether these nodes 3 and node 5
they are appearing in the sending end side or not. So, node 5 is not appearing so you can
assume that it is a terminal node, but node 3 is appearing ok. So, again you have to
perform the operation for node 3, whether who is connected to node 4 node 3 at the

receiving end so | got node 4.

So, I will add this load current of node 4 with this line current which is connecting 1 and
2 ok. Now, again you have to check whether this 4 is appearing in the sending end side
or not. So, it is not appearing. So, | can terminate the process otherwise | have to again
perform this operation till | finished it to the terminal node. So, this is something like that

at this node 2, you first see that who is connected to this 2. So, 3 and 5 are connected.

Then again 5 is terminal node. So, beyond that there is nothing, but 3 is not terminal
node. So, again you have to see that who is connected to 3, who is the receiving end side
for the line which is connected to this 3, node 3. So, | got this node 6 and node 4 ok. So, |

have to add this, their corresponding load current.

Now, if some other nodes are beyond this 4 and 6, it means, you have to continue the
process, till you reach to the terminal node and that is why you know we first compute
this terminal load current because they are independent. And then we process these
slowly to the substation side ok, because this line current which is connecting this node 2
to node 3 that is | 12 it is function of all the load currents ok because it is near to the

substation it is connecting to the substation.



But this line current which is connecting node 3 to node 4 it is independent of load
current for all other nodes except this node 4. So, | could calculate it even though | do
not know the load current of any other nodes and that is why I start this process from the

terminal node ok.

And since the process is started from the terminal node and then we move ahead or we
move in a backward we started at the end node and then we perform the whole operation
in backward direction and that is why it is called backward sweep ok. Whereas, in
forward sweep which is basically used to determine the bus voltage we start from the

substation bus because at the substation bus my voltage is specified.

So, | know that what is the voltage at the substation bus ok and in no other nodes, this
voltage is specified ok. So, since this substation voltage is specified, we start this we can
start the computation of the voltage which is connecting this substation to the other node.
So, here connecting node of the substation is node 2. So, | can find out what is the
voltage at this node 2, just by subtracting this line drop which is connecting node 1 to

node 3 from this node voltage or substation voltage that is specified ok.

So, once you get that, so that will be the updated voltage for node 2 ok, then we go to
this next line which is connecting this node 2 to node 3. | know the updated voltage of
node 2. So, | can calculate this node 3 voltage simply by subtracting this line drop which

IS connecting node 2 to node 3, this line drop is | 23 multiplied by j 23 ok.

And | 23 is already computed because line currents are already computed. So, you can
compute this voltage; without computation of line current you cannot compute the
voltage drop and that is why this line current calculation or line current computation
should be done first. So, that is why a backward sweep is to be done and then we can
compute the voltage ok.

So, then we move again to the other node which is node 6 or node 4 and we can calculate
their corresponding voltage by simply subtracting the line drops and that is how we
move. And since we start this operation from the substation bus or substation node and
then we move to the other nodes. So, its operation is in forward direction, its calculation
or computation is in forward direction and that is why it is called forward sweep ok. So, |
hope this is understood.



If it is understood then we will discuss that how long we will do this iterative operation,
because as | said, these two steps, that is, backward sweep and forward sweep this we
need to iteratively do for several iteration ok so before we stop ok. Now, the question is

how long will we do this iterative operation ok?

So, we will operate this iterative operation till we satisfy some condition and that

condition is called termination condition, a termination criterion.
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Now, there might be a unique termination criterion or there might be more than one
termination criterion ok. So, of course one termination criterion is to set maximum
number of iterations, maximum number of iterations which need to be executed ok;

which need to be executed.

So, this is one termination criterion, but this is not all, means we will not keep this
operation if we get convergence in between. What do you mean by convergence?
Convergence means here, if we basically here, our goal as | said is to determine this bus
voltages ok, in a iterative way ok. Initially we take a guess value that is a flat voltage
guess value we considered initially that all bus all node voltages are equal to 1 per unit
ok.

And after performing this forward step | get these voltages are updated. So, voltages will
no longer be 1 per unit ok. So, voltages will deviate from 1 per unit and if this deviation



from this guess value or to the next iteration voltage is within a given tolerance, then we
can consider them ok, we have achieved the convergence criterion and we can terminate

the program or we can terminate the iterative process ok.

And that is why the 2nd termination criterion is error in node voltage from previous
iteration to current iteration ok. So, this maximum number of iterations let us consider is
max iter, max iter and we can set a particular value, let us say, 50 or 100 or 1000
whatever it is. Now, if you use a sole termination criterion for this maximum number of

iterations that we will terminate after that many iterations.

Then what will happen if we get convergence much before then; we unnecessarily need
to continue ok. So, | will come to that and that is why second termination criterion is
very important that if we achieve the convergence. So, this is basically measure of
convergence, measure of convergence, this is a measure of convergence, if you achieve
convergence much before this, we get this maximum iteration, we can terminate the

program ok.

And that is why this is a measure of convergence. Suppose, if we set max iteration or
maximum number of iterations is 100 and do we achieve the convergence after you
know 3rd iteration or 4th iterations then unnecessarily, we need not to continue till this
100th iteration ok, we can terminate after getting this convergence. But it may so happen

that you will never get convergence.

Then you have to terminate after some point and that is why this maximum iteration is
set, suppose even after this maximum iteration we do not achieve convergence then also
have to terminate it, | have to terminate the program, | have to terminate this iterative
process so, that we can conclude that we may not get convergence, the load flow is not

converged ok.

Now, how to find out this error, this voltage error? So, these voltages, these bus voltages
they will constitute a bus voltage matrix ok or bus voltage vector. For example, V if we
represent V iter, V iter it means that it is a matrix which consist of the bus voltages
which we get at iteration number iter, that is, iter maybe 1 2 3 and all. So, here we get
this bus voltages V 2 iter then V 3 iter.



So, here you can take this absolute values of these voltages because this voltage
whatever you are getting this voltage are phasor. So, I will take their magnitude only. So,
this V is basically, this V is the magnitude of all node voltages at iteration iter. So, this
represents all these node voltages at iteration iter. So, this correspond to error, end of this

you know these buses | can say it V n iter ok.

So, this is basically the matrix or the array which consist of all the bus voltages which we
get after executing this iteration equal to iter ok, that iter if it is 2; that means, it is the
you know bus voltage matrix or it is the node voltage matrix which you get after

execution of iteration 2 ok.

Similarly, for any iteration you compute that and then you in order to find out this error
at any particular iteration let us say iter is equal to iter plus 1, it is basically equal to this
V iter plus 1 minus V iter ok. And then whatever you will get you will take the absolute

value and you will take the max of that; you will take the max of that.

So, max, this is basically error, is basically representing the maximum mismatch,
maximum mismatch of node voltages from previous iteration to current iteration,
previous iteration to current iteration ok. So, it gives maximum mismatch ok or it gives
this maximum value, maximum absolute value of, maximum absolute difference of all
the bus voltages among all these bus voltages which we get from one iteration to other

iteration ok.

So, this is the main convergence criterion, if this criterion is satisfied, we can terminate
the iterative process. Now, even if after execution of maximum number of iterations, if
we see that convergence criterion is not achieved then we have to also terminate and that

termination will lead to the fact that this load flow is not converged ok.

So, there might be some conditions that this load flow may not converge ok. So, for this

condition we will keep this second termination criterion.

Now, we will try to make the whole thing in a common form, so that one can understand
how he or she will write this program code for this forward, for executing this forward
backward sweep load flow algorithm. And this can be represented, the whole process can

be represented in a flowchart form or by writing pseudo codes.
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So, here I will write pseudo codes for that ok. So, in order to write pseudo codes, we will
begin this program. Then the first thing that you have to specify is, you specify this iter
max, that is, how many number of maximum iterations you will execute and here you
can see, there is one thing | missed here that this is how we can compute this error ok.
And this convergence criterion is that if this error of one particular iteration let us say iter

plus 1 ok.

If it goes below a given value of tolerance or given value of accuracy, this tolerance or
accuracy then we can consider that we can terminate the program and that is basically
this criterion. So, it this error in the node voltage from previous iteration to current

iteration needs to go below a specified accuracy value.

This accuracy value you can set as 0.001 or 0.301 or 0.201 that is up to you which gives
that if this maximum error from this node voltages, from current iteration and previous
iteration goes below this value 0.001. That means, maximum changes, maximum
mismatch of this voltage value goes equal to or below this value accuracy, then will

terminate the program ok. We will terminate this program ok.

So, that is why, this is the main convergence measure. Now, first to specify this iter max,
that is, what is the maximum iteration up to which we will do this computation and we
will also specify and, we will also specify this accuracy that what value of accuracy or

tolerance you are to get ok.



What is the desirable value of accuracy or tolerance? So, first to specify that and then the
second thing we have to specify base values that is base voltage and base volt ampere,
this volt ampere can be in kVA or MVA as per your choice, then you need to call two
data files, call data files. So, what are the data we required to compute this load flow

analysis?

We have two important data files, one is called node data or bus data, another is called
line data. So, we will call this node data and bus data ok. So, after these data files are
called the data files. So, after these data files are called, you have to do this per unit
conversion. So, next step is per unit conversion. So, we have several parameters which

need to be converted to per unit.

Since we know this their values as well as we know their base value, we can convert
them to per unit. So, what are the quantities normally we need to convert to per unit? We
need to convert per unit active and reactive power demand, active and reactive power

demand and line resistance and in reactance, line resistances and reactances; ok.

So, this we can do prior to our iterative operation starts and this will be, this will remain
same throughout this iterative process because active and reactive power demand will
obviously not change and line parameters are line resistance and reactance will not
change. Now, how to convert this active and you know how to convert this to per unit,

means one quantity to per unit quantity, this is mentioned over here.

So, this is the process by which we can convert this, is per unit conversion process, this
already | discussed in my last lecture; first you convert this active power demand, and
the active power demand to their corresponding per unit values, voltage is already in per

unit ok, voltage is already in per unit.

And then you compute this resistance and reactance of the line into per unit ok, by
dividing to the corresponding base values ok. Now after doing so, we will start this
iterative process. So, we specify the first iteration as iter equal to 1. So, that is basically

first iteration ok, and in order to start this iterative process we have to call a loop ok.

And you can, there are several ways to call the loop, either it can be a for loop or it can

be a do while loop or whatever. So, here basically we will call do while loop. So, what



we will do, we will check two convergence or two termination criteria, one is

convergence criterion another is this maximum iteration criterion.

So, while this iter less than equal to this iter max; that means, this is the first, first
termination criterion whether iteration, it is a check whether this iteration current
iteration number is less than equal to the maximum iteration number that you have set;

whether there is another convergence criterion that you have seen that error ok.

So, this error initially, when you start this first iteration, error is equal to, you have to
specify a value ok. So, for error you specify a higher value and then before you execute
this program the there is no error actually. So, you have to specify error value a high
value and then you specify this error goes below certain accuracy value, this is the
second termination criterion which is called convergence criterion ok. And if both the
conditions are satisfied then you perform this next procedure.

So, what is the next procedure? First procedure is backward sweep, next procedure is
forward sweep. So, if these conditions satisfy you do this operation. So, this backward
sweep is for determination of line current, to determine the line current and forward

sweep is to determine the bus voltages.

So, if we write it here again, this is to determine line current and this is to determine
node voltages. So, after performing line currents and node voltages, after performing
these two steps you will get the updated voltage, you will get the updated voltage. So,
whatever updated voltage we will get let us store this updated voltage within this array.

So, now we have this V now, after doing so we will make a iterative count that is iter is
equal to iter plus 1. And then next what we will do? We will compute this V iter. Or here
in fact, you can do one thing, instead of this error specified to this iter to iter plus 1, to
iter we can also specify it like this iter minus, iter minus 1 ok because we have already
added this iteration count by 1. So, if you have done so after execution of this operation
then our iter count will be iteration count will be 2, ok. So, then you find out this error,

determine error ok.

So, after doing so, you get this error value and this is also something which you
iteratively updated which will be iteratively updated. So, now, for example, that when
you know first operation of this loop. So, when iter will be 1 you perform this backward



sweep and forward sweep after that you make this increment of this iterative count by

adding one.

So, we will achieve this iter equal to 2. So, this error will be giving you the error from
iteration 2 to iteration 1. In iteration 1 this bus voltages were all these initial guess values
which we considered at 1 per unit for all the buses and for this current iteration that iter
is equal to 2, these new voltages will be updated voltages of all these buses or all these

nodes ok.

So, once you get this determination of error, we will make this end while and again, this
will go back to the loop, it will check these two conditions whether this error goes below
this accuracy or this iter less than equal to iter max. So, this time iter will be equal to 2.
So, 2 will be lesser than iter max because normally we set it to some values say, 100 or
50.

Now, when we go to iteration 2, the first condition will be automatically satisfied and if
the second condition is also satisfied, so it will terminate this loop ok. After this
termination you check whether iter is equal to iter max, if it happens, if it happens then
we will call this load flow did not converge, did not converge; that means, we did not get
the convergence ok. Otherwise, you print the result, print the results particularly these

voltages node, voltages and angles ok.

So, this will give you the actual value of this node voltages and actual value of node
angles. So, this is how this pseudo code works. So, this whole process is called pseudo
code, the whole process is pseudo code for forward backward sweep load flow

algorithm.

So, this is the pseudo code for forward backward sweep load flow algorithm, this pseudo
codes, the student can implement in whatever language they are comfortable with, you
can implement it any language, whether it is MATLAB or Python or C, C plus plus,
whatever language you are comfortable with. And this code should be written in such a

way that these codes will work for any distribution network.

And that is, this need to be generalized ok if we change this data file, if we change this

data file from this any node system, 6-node system to 30-node system to 100-node



system or 2000-node system, so your program will work and it will finally give the

converged value of bus voltages and angles.
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In load flow approach, all quantities are
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So, whatever | discussed in this lecture, this is basically written in slides form. So, here

&

we took this single line diagram of a typical distribution network to illustrate that. You
can see this is a 5-node system. So, this is a 5-node system ok. So, we have this node-1,

that is substation and all other nodes are connected to customers or loads ok.
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And this is basically illustrated, so that you can understand this whole operation, but
already | took this example here and | hope this example is understood and similar kind
of example is given in pictorial form in this particular slide. Now, there are some
important information that one need to understand, that first of all, why we convert this

per unit conversion?

As | said, before your execution of the program we need to convert, we need to follow
this per unit conversion of all available information like active and reactive power
demand and line in parameters ok. Now, why do we do these things? Now, this is
basically followed not only for this particular load flow approach or power flow

approach.

This is applicable for any type of load flow approach, whether it is a Newton Raphson,
whether it is a Gauss-Seidel or first decoupled, any type of load flow or power flow
approach, where we follow this per unit conversion ok. Now, why we give this per unit
conversion? Because, it also gives relative magnitude of various quantities. Per unit
means we bring down the quantities in between 0 to 1 ok. Now, when I will show you, in
fact | have some results for different distribution networks after execution of this forward
backward sweep load flow. I will show you how these node voltages are usually

represented.

So, since you can, you convert all these quantities into per unit this voltage they change,
voltages change within a very narrow band ok and we can get a comparative information.
For example, if we consider this substation voltage as 1 per unit and at node 2, | get a
voltage of 0.99 per unit. So, this gives a clear idea that there is a 1 percent of voltage
drop which take place between the line which is connecting this node 1 or substation to
node 2 ok.

So, this means, these quantities they vary from a narrow band. Now, if we say that node
substation voltage is 11 KV and this node 2 voltages is 10.998 KV. So, that may not give
you the comparative, comparison so easy or so quickly ok. So, we can make relative
magnitudes of various quantities, also these values vary, this per unit values vary, per
unit values vary within a narrow range and it makes the computation analysis much

easier ok and whole things will be much understandable.



Second means, one of the important features is that this per unit values of voltage current
and impedance are same for both primary and secondary side of transformer. So, it is
independent whether which side of transformer you are considering this ok. So, this you
can see and you will understand ok. Now, this is how we convert to per unit quantities,

how this calculation or computation to per unit quantities we do.
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Per unit calculations
‘ % The per unif value of any quantity is the ratio of actual
value to its base value. It is a unit less quantity.

% In power systems computation, usually three phase
base MVA and line to line base voltage in kV are
e 5 pelies LU
selected to specify the base. T

+ The base current (1) is calculated as,

=
lp= Vavg \/

+ The base impedance (Zp) is calculated as,

_ Vg3 _vgt_ (kg
A
where, S is base volf-ampere (VA) and V3 is base voltage (V)

First, we specify this base voltage and base MVA and from that we can calculate this

base current and base impedance ok.

(Refer Slide Time: 51:41)

Changing of base of per unit quantities
 In power system, the per unit impedance of generators and
fransformers are based on their own ratings and the per unit
impedance of lines are based on their own ohmic values.
* For power system analysis, all the per unit impedance values
must be calculated at same base.
» Let, S5, V84 and 7 (@) are old base Volt-ampere, old base
voltage ond actual impedance, respectively.
* The per unit value with old and new base values are:
7 Sold A gnew
Zg’lld Tz e (Vfld) o In'= 75" 3 Z(erw)z .
* The new per unit value in Ter\rr? old is:
gnew [ old 2
Znew Zg&d ;)ld (Vnew>




And from this, we can compute this, we can convert these line parameters into per unit
and you sometimes base can be changed. So, if the base is changed how to get this
computation this is shown over here. But normally in load flow, power flow approach

you do not change the base ok for a particular network.
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_/Data preparation

* To perform load flow analysis the following data
must be known:

f Aren
v Base MVA of the network | ¢ w
v' Base kVA of the ne’rwork:}
||V Voltage mismatch accuracy

e e el

v' Maximum number of iterations
e Ui O IETIIOR

v[Resistance and reactance of each branch of
network A

Real and reactive power demand at each and
every nodes of the network

Wrmdj@a ‘% (Y\d’m\df/‘&/ '\'Oliolam,

Now, this is the first step, as | said, we have to prepare this data file and these are the
quantities we require to create this data file, already | mentioned we need to specify these
base quantities. These are the base quantities; that are base values and base kVA or base
MVA, we need to also specify this minimum voltage error or accuracy value, also

maximum number of iterations, which I already mentioned.

And we need to also have the available information of line parameters, and active and
reactive power demand, also which is another important thing which is not mentioned
over here, which is missed is information of network topology, information of network
topology. Now, how we basically, you know, translate this information? This is already |
mentioned while creating this line data file, that is, this is basically translating this

network topology.

The sending end side and receiving end side data and this is very important to calculate
or to compute this line current ok. So, these are the information we require to create this
data files, these are the information we require to create this data file.
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NO&J*
Bds data file preparation

* Starting from substation bus assign a number to each
buses sequentially

* For a bus, all the data must be in single row

% Column 1: enfer the bn&‘és number sequentially

% Column 2: enfer the buses code (0: load bus, 1: slack
bus and 2: voltage conTTo@ous)

 Column 3 and 4: enter the initial volfage magnitude
and angle to each buses as ‘1" per unit and ‘0" (zero)
degree respectively /

o Column 5 and é: enter the load demand of each buses

in MW and %ég respectively v’

And after getting all this information, we compute this bus data or node data file. So, this
already | mentioned, it is almost, | mean, standardized way we will do first column 1 will
give you node number or bus number, column 2 will give you this bus code or node
code. Columns 3 and 4 of this file will give you these initial guess values of voltages and

angles.

And column 5, 6 will give you active and reactive power demand, in basically this
distribution network, not in megawatt MVVAR, rather they are specified in kilowatt and
kVAR ok, because distribution network load is not in megawatt range normally ok.
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Line data file preparation

*» Connectivity of buses must be known

% For a branch of network, all the data must be in
single row

» Column 1 and 2: enter the branch buses numbers
in sequence

* Column 3 : enter the branch resistance

\ * Column 4: enter the branch reactance ‘
Then we prepare this line data file as well by considering this connectivity of nodes ok
and by providing the input of line parameters ok.
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Equations involved in load flow analysis

+ Load current (I;) at bus /' is calculated,

* Branch current (E) for branch ‘im" is calculated by using,
I

E=1—m+2ier é’: Mpucmbw L

“ The voltage at receiving end (¥,) is calculated as,

= = = . ki O KV L
T =~ Ty RitiKi) = ARIRY
where,i€[1,..N], im€[1,..N-1] i
N is total number of bus, ; is sending end voltage

T'is a set of all the nodes which are located beyond node ‘m’

. and X;, are the resistance and reactance of branch ‘im'

And this is the step of computing this line current and bus voltage. So, these two steps
are used for line current computation, line current computation and they are done

basically in backward sweep ok.

And this is the step for node voltage computation and this is done in forward sweep ok.

So, these are basically the applications of, so this is basically application of KCL,



application of Kirchhoff’s Current Law KCL, and this is basically application of
Kirchhoff’s voltage law or KVVL Kirchhoff’s Voltage Law or KVL.

And with the simple application of these two, we get without any mathematical
complexity we get the solution for all the nodes voltage ok.
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Flowchart of backward forward sweep
approach

RaE———

Start
Read line data and bus
data of the system \'/

|
Initialize all the bus voltages /

with flat voltage

] -
Calculate the load current for
each bus using Eq. (1) %C\Lw\) M
¥ Swup
Calculate the line current for each —_
branch using backward propagation
; ov i
Calculate the voltage in forward >
direction at each bus using Eq. (3) g l/\) LPF
—_—
No _ ~ Specified accuracy

. isachieved? —
& ves

Calculate the total power
loss of the system

——
This is the flowchart ok. So, you can see, this flowchart is similar to our pseudo code that
we have written today, we read this data file, we initialize these bus voltages with flat

start also, we need to specify this maximum iteration and accuracy limit.

Then here, we perform these two steps. So, these are backward sweep and this is
basically forward sweep, ok. So, after performing these two steps, there is a while check
whether this accuracy is achieved or whether we have exceeded that or whether we have
reached to the maximum iteration. And accordingly, this loop will be, loop will be
created and it will be iteratively updated ok. Now, | have some results of different

distribution networks data ok.
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69505 radial distrioution network

So, first data that | want to present is 69-bus, 69-node, a radial distribution network ok.
So, here we have one feeder. So, if you look at this network. So, this is one feeder, so
this is a single feeder network, single feeder network and why it is called 69-bus or 69-
node distribution network because we have 69 numbers of nodes here, nodes or buses.

So, this is the main feeder, this is main feeder ok and this arrow they are representing,
you can see all these nodes as associated with some arrow and they are representing this
load demand of individual nodes ok. And apart from this main feeder, we have some
lateral. So, this is one lateral, this is one lateral, this is another lateral so these are

laterals.

Similarly, here also, here also, here also we have laterals ok. So, we have one, this is also
a lateral. So, we have 1, 2, 3, 4, 5, 6, 7 laterals along with a main feeder. So, we have

single feeder network with one main feeder, one main feeder with 7 laterals ok.

And you see that this main feeder is from node number 1 to node number 27, then from
28 we have one lateral, this lateral, then this will be up to 35 and then from 36 we have
another lateral. In fact, node number 3 is connected to two laterals, one is from node 28
to 35 another is node 36 to 46 ok.

Then node 4 is connected to one lateral, this is from node 47 to 50. Then node 8 is also
connected with the lateral which consists of 2 nodes, node 51, node 52. Node 9 is



connected to one lateral which is having a node 53 to node 65 and similarly node 11 and

12, two laterals ok. This is 69-node or 69-bus distribution network.
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69-50s radial distribution network

So, first we have to compute this, we have to create this bus data file. So, this is giving
the bus data file, you can see this bus number is specified in the first column, bus code is
specified in the second column. So, except this slack bus all are 0, indicating that the

other buses are load buses.

Then, here, in column 3, column 4, these our guess values of bus voltage and, node
voltages and angles respectively, and column 5 and column 6 represent this load active

power demand and load reactive power demand in kilowatt and KVAR.
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Similarly, we have a line data file here, which is represented in this slide and here you

5BBLEBRRARB

BLBLURBXB e Los88 5280288 8KRwRBR

BLBURGERLERBLBEEREEES

ESE-TBR
ZELRBTBR
o

g

g

can see this ns representing this sending end node, sending end node and nr is
representing receiving end node, and R and X are corresponding resistance and
reactance, they are probably in either per unit or in ohm.

If they are in per unit, that is fine, if they are on ohm; that means, you have to convert

them into per unit ok.

(Refer Slide Time: 61:28)

Voltage magnitude plot of 69-bus
radial distribution network
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So, this is the bus magnitude, voltage magnitude plot of this 69-node system or 69-bus
system, here all node voltages, all node voltages or bus voltages are plotted over this

node number.

So, here, this voltage at this point, node 1 is 1 per unit then you can see there is a dip in
this voltage magnitude. Till this point here, this is node number 28. Why there is a dip?
Because up to node number 28 we have this main feeder, node number 27, we have this

main feeder, then node number 28 is basically close to the substation.

So, that is why voltage is higher than this node 27, because node 27 there is that much of
voltage drop you know and this is very far away from the substation and there are several

nodes that are connected in between and there are several lines.

So, if we subtract this line drop so node 27 will give very less amount of voltage;
whereas, this node number 28 which is closer to the substation. So, its voltage is higher
than 27 and that is why there is a sudden increase here ok. So, this is actually main

feeder profile you know voltage profile, then these are the voltage profiles of one lateral.

Then again, this is some voltage in some node number in between 40 to 50 again, there is
a dip in the voltage, let us see why it is so. Because there is a from 36 to 46, we have a

longer lateral. So, that is why, this voltage drop takes place.

So, there is again a voltage drop and we get some nodes that is node number 65 which is
correspond to the minimum amount of voltage ok, minimum amount of voltage again
voltage is higher in other lateral at node 66 probably one lateral starts, 66 there is another
lateral start and that is why, here this is somewhat bigger lateral. So, here at this point,

we get least voltage magnitude, least voltage magnitude.

Then another lateral starts which gives a bit higher voltage and that is how this voltage
profile can be described ok.
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Bus voltages of 69-bus radial
distributi twork
.ﬂ 1,000+ 0.00000 0.569 + 0,000 )P\}\
1.0000 - 0.00001 10,9959 - 00001
| 5 0.9599-0.00000 0.9597-0.0002 /

0.9998 - 0.0001 05996 - 0.0002
09950-0.0003 09595-0.0002
03501 + 000050 09995~ 00002

0.5808 + 0.00211 0.9568 - 0.0004
05785 +00026 09986~ 00005
03774+ 00025 09985- 00005

0.9724 + 0.003%1 0.9985 - 0.00081
05713400042 05984-00005
09681 + 00511 09984- 00005

¢ 09452 + 00055 09598000011
09623+ 0.00681 0.9985 - 0.000%

09594 +0.0074 09947 - 00033
09589+00075 0994100037

03590 +00077 05785 +00024
03580+ 02077 09785+00024
05575+ 0.007%1 09747 + 000251
09572+ 00080 0571440005
05568 +000811 09649+ 00091
0357 + 000811 09606 +00045
0.9567 +0.00811 0.9400 +0.0105
09545+ 00082 05289+ 001406
09563+ 00082 05246+00153
09543+ 00083 0919 +001651
0.9563 +0.0083 0122+00178
0.5999 - 0.00001 09119+ 00179
0.9959-0.0001i 05115+ 00179
09997 - 0,000 05096 + 00181

0.9597 - 0.00000 09050 +0.018%
0.9996 - 0.00001 09713 +0.004%

0.9993 + 0.00011 05713 +0.0042%
09950 +0000% 09678+0005%
09478+ 00052];

Now, these are the values of these bus voltages in per unit or load voltages in per unit.

So, this is the complex voltage which gives you voltages as well as this, angle. So, if you
take the absolute value of this, this will give you voltage magnitude, if you take the angle
of, this will give you the voltage angle.
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52-bus radial distribution network
| - 5 fust
e

Now, this is another distribution network which is having 3 feeders. So, this is one

feeder, this is one feeder, this is another feeder. So, suppose this is feeder 1, this is

suppose feeder 2, this is suppose feeder 3. So, we have 3 numbers of feeders here and



this, we have several laterals which has this is one lateral, this is another lateral, this is

main feeder or there is this another longer lateral and so.

So, here we have, this is main feeder having several laterals like this. So, this gives how

a practical distribution networks will look like ok. A distribution network might have

multiple feeders, each feeder may be associated with one or more than one main feeder

and along with several laterals; one main feeder only along with several laterals.
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Bus data of 52-bus radial distribution network

nbus=5
2z
bosemva =1 ; accuracy =0.0001; maxier=100;
basekv=11;
% Distibufion System data (52 bus
system)
%  Bus B VolageAnge lood
mag.  [Degre
% No. code [pu] €}

busdaf
\// o

CCCOCOCC00C0C00000R0000 O —

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

coccococcccoccnccsccconocono00

fkw)

Lood

BRUBLERVERVBBERBTTRIGRTBBEE e g

2%

28

31
32

35
36
37

4
42
43
4“
45
4%
a7

)

sl
52

coococococooccococococoo0coccc0000000 O

coococococoocococoooco00oO00000O0000 O

So, similarly for 52 bus system, we have created this

and line data file here.

4 2

6 »n
8 3

95 46
4 20
2 %
41 20
4 2
135 46
8l 40

95 46

4a 2
95 4

12 %
108 52
81
41
8

108
41

bus data file here in similar way
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Xipy)
00111
00185
0.0056
00056
0.0037
0.0074
00093
ool
00185
0.0056
0.0037
00185
0013
00148
0.0056

00185
00148
0.0037
00056
00111
00185
00073
00111
0018

LLBLLLBBB-8RUBY

np e

&

358885

Line data of 52-bus radial distribution
network

0.0086 0.0087
00129 0.0056
00215 0.0093
0.0344 00148

003 0018
008 00185
0034 00148
0001 00l

0034 00148
00215 00093
0072 00074
0015 000%
0072 00074
oI5 00093
00258 0011
00%7 00167
008 00185
0012 00056
0001 0013
00215 00093
0019 0005
001® 0005
0034 0018
00129 0005
0008 00037}

BLB L8886 2 08288892 RBBLBYRY

Voliage mogrifude plofof 52
bus radial distribution network
9 L
. 5 10 18 0 S T | I I Kl
Bus number

And this is the voltage profile ok, this is voltage magnitude plot. So, here again, you can

see the dip in the voltage, starting from the substation to some nodes value, here at node

number 19 because, node number 19 is the least | mean, farthest bus you can see. Node

number 19 is the farthest bus, of one, of the farthest of this node from this substation.

Then after 19 another feeder starts. So, again these voltages increase to the substation

voltage and so on ok and so on. So, this is how this you know, 52-bus node system work

ok.
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radial distribution network

v=[ 1.0000 + 0.0000i 0.9824 +0.0008i
| 0.9476 +0.00191 0.9788 + 0.00091
0.9402 +0.00221 09769 +0.00101
0.9250 +0.0027i 0.9755+0.00111
0.9231 +0.00271 09704 +0.0013i

09123 +0.00311 0.9087 +0.00311 )? \)\ A
09111 +0.0032 0.7970 + 0.00681

08830 +0.00411 07949 +0.00691 /
0.8525 +0.00511 0.7817 +0.0073
7/ 0.8068 +0.00671 0.7700 + 0.00781
0.8007 +0.006%1 0.7672 +0.007%1
0.7982 + 0.0070i 0.7799 + 0.00741
0.7957 +0.00711 0.7574 + 0.00791
0.7933 +0.00711 0.7544 +0.0080
0.7936 +0.00711 0.7247 +0.008%1
0.8004 + 0.006%1 0.7206 + 0.0090i
0.7951 +0.0072 0.7148 + 0.00911
0.7879 + 0.0074i 0.7058 + 0.00941
0.7834 +0.00751 0.7113 +0.0092
0.9878 + 0.00051 0.7071 +0.0093i
0.9791 +0.00091 0.6959 + 0.00961
0.9447 +0.00151 0.6950 + 0.00971
0.9529 +0.0020i 0.6891 +0.00981
0.9500 +0.0021i 0.6842 + 0.0100i
0.9601 +0.00171 0.6857 + 0.00991
0.9583 +0.0018i 0.6851 +0.00991];

Then this is again, this voltage in value of this 52-bus system in per unit, from here you

can get the magnitude of the voltage as well as angle.
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33-bus radial distribution network
| BNUD 6272829303132 33
0 | |

And this is another radial system, which is called 33-node system or 33-bus system

having one main feeder. It is also a single feeder network, it is also a single feeder
network, single feeder network along with some laterals. This is one lateral, this is
another lateral along with 3 laterals, 3 laterals one main feeder, one main feeder and 3

laterals ok, 3 laterals.
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Bus data and line data of 33-bus
radial distribution network

‘baseama =100 occuracy = 0.0001; maiter=100; % ns L R

Dam12at inpsaio=  [1 2 ow2 007

Distrbution 5 ota 5 ] s

frrpee o 5 o 2 3 043 020

{oecree 3 4 036 01884

% no. coce [ ) o) kvaR) 4 5 03811 01941

budata 5 6 0819 0207

T 6 7 0l 0888
o 0 E 0N N el 7 8 07114 02351
O T AT SO N B 8 9 13 oM
5 0 1 0 & k4 9 10 1044 074
é 0 1 0 Q 20 10 n 0.1966 0065
; ; - g g :ﬁ n 12 034 0128
B At A e A 2 13 48 11
oo o1 0 & ® 13 14 0s4s 0N
e b 14 15 05 05%
19 AT e IO SR S 15 16 07463 0545
BE B B0 078 SO 5% 16 712 a7
oL 7 8 072 05%
IE B B0 B B A e ok 2 19 0lé 015
Voo 1 0 & ® 90 1504 1385
B o0 1 0 % @ D 2 04095 04784
Pooo1 0 @ o« 2 2 0n® 0973
- ; ; g 3 f) 3 2B 04512 0308
A Ll I\ SO0l B B % 088 0709
2 0 1 0 W % % 2% 06 001
2 0 1 0 @ om 6 % 023 01034
5 0 1 0 @ m % 7 0m2 0147
o ﬁ 7 B 108 0953
A 08 T S OHE AT D B B 0M2 0706
2 0% B 0N I » 0 05075 02585
» 0 1 0 m 2 3 0974 0983
I 0 1 0 W m a 20305 03619
A SO IS B0 S0l K 2B 03 0502
kd 0 1 0 «Q Lo

And the other things are similar. So, this is how we can create this bus data file for that

particular system.
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Voltage magnitude plot of 33-bus
radial distribution network

15 0 % 3
Bus number

?\
Magnitude of bus voltages (per unit)
; T T g g b T T

And line data file is given from these two data files, one can find out this voltage
magnitude plot. You can see similar voltage magnitude plot here. So, up to 18 there is
one main feeder, then at 19 lateral starts, yeah 19 lateral starts which is closer to the
substation then this is the farthest point of this main feeder.



So, its voltage magnitude is higher. Similarly, this voltage magnitude of 23 is higher
because it is near to the substation. So, this is how, this net bus voltage magnitudes plot

looks like.

(Refer Slide Time: 68:11)

K(

This is again the value that we get after execution of all the iteration and this is of course,

Bus voltages of 33-bus radial
d|sTr|buhon network

1.0000 + 0.00008
0.9970 + 0.0003%
09829 +0.0016
0.9755 + 0.0026i
0.9681 +0.003%
0.9497 +0.0023
0.9462- 00016
0.9413-0.00100
09351 - 0.0022
0.9292-0.003%
0.9284 - 0.0031i
0.9269 - 0.0025
0.9208 - 0.0043
0.9185-0.00561
09171 - 0.0062
0.9157 - 0.0085i
09137 - 0.0077 2
09131 - 0.0075 s \}.
0.9945+0.0001i
09929 -0.0011i
0.9922-0.0014i
0.9916-0.0018
09794 +0.0011F
0.9727 - 0.0004i
0.9694-0.0011i
09477 +0.0025
0.9452 +0.0038
0.9337 + 0.0051
09255+ 0.0063
0.9219 +0.00800
09178+ 0.0066
09169+ 0.0063
09166 +0.0081i];

b

in per unit ok.
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Summary of the results

Parameters  |89-bus system | 52-bus system | 33-bus system
Minimum 0.9092 0.6843 (h‘j& 0.9131
volfcge c“ @, -
system FW') _ x .
Minimum QS)/ @ 18
//oltoge bus U
number
Maximum 2 20 2
voltage bus V% N =
number
Power |oss of 225.0021 887.3782 202.6762
kW}

Now, we have a summary of results which gives some important parameters which we

use to assess the performance or operational performance for a network; one is called




minimum bus voltage, now what is minimum bus voltage that we get, all this is in per
unit, this is in per unit. So, minimum bus voltage we get in per unit, 69-bus system it is
0.9092 per unit, for 52-bus system or 52-node system it is much lower 0.6843, that

correspond to 32 percent voltage drop.

Here we have 10 percent of voltage drop, which is somewhat acceptable, but here it is
very very high voltage drop, high voltage drops. Similarly, here also it is 9 percent
voltage drop and also this low, least voltage magnitude occurs at which nodes or which
buses. So, here for 69 bus system, it occurs at 65th bus or 65th node. Similarly, for 52

bus system it occurs at 50th bus or 50th node.

Similarly, for 33-bus it is 18th node and maximum you know voltage is of course, except
substation they are near to the substation and the power loss it is computed in kilowatt,
for 69-bus system it is 225, for 52 bus system it is bit higher because its voltage profile is

very poor and for 33 buses 202 kilowatt, around 202 kilowatts.

So, this gives a comparison and these are some important parameters we use in assessing

the operational performance for a network ok.
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So, these are the references from where | took many concepts, this is the one we get this
idea of forward backward sweep load flow algorithm and these three will give you the
data files. So, this will give you the data file of 33-node system, this file will give you the



data file for 69-node system, one can download this paper and go through and get the

data and this reference will give you the data for 52-node system.

So, you can go through this paper in addition to what | discuss today, in order to have a
finer information. And finally, thank you very much for attending this lecture and this

will finish the module 4, which is one of the shortest modules in this course.

Thank you.



