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Abstract— This paper presents a simple load flow method 

for the radial distribution systems which uses the topology 

of the network to obtain the load flow solution. The 

probabilistic approach is then applied so that the uncertainty 

existing in the line data and the load data is being taken into 

consideration. The proposed power flow could be useful for 

planning purposes of radial distribution systems where the 

uncertainty is there in the assumed data. The sensitivity 

index and voltage stability index are also calculated in order 

to find the most sensitive node of the system. 
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I. INTRODUCTION 

There are various load flow algorithms which are proposed 

for the analysis of radial distribution systems. However, 

most of the proposed algorithms are based on the 

consideration of fixed input parameters which are used to 

obtain the solution of radial distribution systems. But in 

actual practice, there are various uncertainties which are 

existing in the input parameters and need to be considered in 

order to find efficient solution otherwise the results obtained 

are only single point solutions and may not depict the real 

picture of the system operating conditions. Due to the 

uncertainties in the input parameters and high R/X ratios, 

the conventional load flow methods like Gauss-Seidel, 

Newton-Raphson and Fast Decoupled techniques are 

inefficient for the analysis of distribution systems. Hence, 

the probabilistic approach is used so that the uncertainties 

are being taken into account. 

There are many load flow algorithms for radial 

distribution systems but some of them have been proposed 

in the literature. 

D. Das, D. P. Kothari, and A. Kalam [1] have 

proposed a method which only requires calculation of a 

simple algebraic equation of bus voltage magnitudes. A 

single phase load flow method which uses multipoint 

compensation technique and Kirchhoff’s laws was proposed 

in [2] and this is further modified for the three phase weakly 

meshed distribution systems with various considerations by 

C. S. Cheng and D. Shrimohammadi [3]. In the paper [4] 

which is for radial distribution systems, the proposed load 

flow method is based on the topology of the network and 

primitive impedance of the lines where only diagonal 

elements of the DLF matrix need to be computed. The 

execution time and the memory requirements are greatly 

reduced by this method. In [5], the authors proposed a very 

simple load flow method which used direct approach. In [6], 

two matrices (i.e., BIBC and BCBV) are developed which is 

followed by a simple matrix multiplication in order to make 

the solution possible by using the topology of the network 

and Kirchhoff’s laws. All the above methods provided the 

load flow solution without considering the uncertainties into 

account. These uncertainties need to be accounted for 

otherwise the results obtained are merely a snap shot of the 

actual operating conditions. In [6], the uncertainties which 

are existing in the load demand and the feeder parameters 

have been taken into consideration and then the load flow 

solution of the of the unbalanced three phase radial 

distribution system is obtained by using interval arithmetic 

approach. In [7], various probabilistic load flow techniques 

have been reviewed and some improvements which are 

made in the PLF techniques are presented along with the 

applications and the various extensions of the PLF 

algorithm. In [8], the various uncertainties have been taken 

into consideration by PLF analysis and a new method was 

presented by which the accuracy has been increased due to 

the multi linear simulation. In [9], the load uncertainty can 

be modelled through a simple Gaussian distribution function 

which has been linearized at multiple points so as to obtain 

the various intervals. In [10], the sensitivity index and 

voltage stability index are calculated. The algorithm 

proposed in this paper will take into consideration the 

uncertainties existing in the line data and the load data by 

using probabilistic approach. 

A. Load Flow calculation of RDS 

The BIBC and BCBV matrices as mentioned above in the 

earlier sections of the paper were explained in [4] and [5]. 

Consider a sample radial distribution system as shown in 

figure 1 for the formation of above matrices in order to 

obtain the load flow solution from them. 

 
Fig. 1: A 7 bus sample radial distribution system. 

By applying Kirchhoff’s current law (KCL) to the 

system shown in the above figure, the branch currents are 

expressed in terms of equivalent current injections as  

B1 = I2 + I3 + I4 + I5 + I6 + I7 

B2 = I3 + I4 + I5 + I6 + I7 

B3 = I4 + I5 

B4 = I5 

B5 = I6 + I7 

B6 = I7  
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The above branch current equations can be written 

in the general form as  

[𝐵] =  [𝐵𝐼𝐵𝐶][𝐼] 
where BIBC is the bus injection to branch current 

(BIBC) matrix. 

The relationship between branch currents and bus 

voltages will also be obtained from figure 1 as 

      V2 = V1 - B1Z12 

      V3 = V2 - B2Z23 

        V4 = V3 - B3Z34 

      V5 = V4 - B4Z45 

       V6 = V3 - B5Z36 

      V7 = V6 - B6Z67 

After manipulations the above voltage equations 

can be written as 

      V3 = V1 - B1Z12 - B2Z23 

      V4 = V1 - B1Z12 - B2Z23 - B3Z34 

      V5 = V1 - B1Z12 - B2Z23 - B3Z34 - B4Z45 

      V6 = V1 - B1Z12 - B2Z23 - B5Z36 

      V7 = V1 - B1Z12 - B2Z23 - B5Z36 - B6Z67   
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The above equation can be written in general form as [∆𝑉] = 
[𝐵𝐶𝐵𝑉][𝐵] 
where BCBV is the branch current to bus voltage matrix. 

Now the DLF (i.e., Distribution Load Flow) matrix 

is obtained as follows by putting the value of [𝐵] from 

equation in equation  

           [∆𝑉] = [𝐵𝐶𝐵𝑉][𝐵𝐼𝐵𝐶][𝐼] 
or        [∆𝑉] =  [𝐷𝐿𝐹][𝐼] 
Hence, the DLF matrix is obtained. 

The algorithm is developed for a distribution system having 

p branch sections and q number of buses. It consists of 

following steps: 

1) The dimension of the BIBC matrix is p x (q-1). For a 

line section (𝐵𝑚) which lies between bus i and bus j, the 

BIBC matrix is obtained by coping the entries of the ith 

column and then reset the entry corresponding to the 

mth row and jth column as 1. Repeat this procedure so 

that all the line sections are included in the BIBC 

matrix. 

2) The dimension of the BCBV matrix is (q-1) x p. For a 

line section which lies between bus I and bus j, the 

BCBV matrix is obtained by coping the entries in the 

ith row to the jth row and then reset the entry 

corresponding to jth row and mth column with the line 

impedance (Zij). Repeat this procedure so that all the 

line sections are included in the BCBV matrix. 

3) Calculate load current at each bus  

[𝐼𝑖
𝑚] = (

𝑃𝑖 +  𝑗𝑄𝑖

𝑉𝑖
𝑚 ) 

4) The elements of the ⧍V are computed using the 

equation  

[∆𝑉𝑚+1] = [𝐷𝐿𝐹][𝐼𝑚] 
Where  [𝐷𝐿𝐹] = [𝐵𝐶𝐵𝑉][𝐵𝐼𝐵𝐶]. 

5) Update the bus voltages at all buses  

       [𝑉𝑚+1] = [𝑉𝑂] + [⧍𝑉𝑚+1] 
6) The above procedure is repeated till the following 

condition is satisfied tol>12.66*0.05 

II. MODELLING OF THE UNCERTAINTY IN THE SYSTEM 

DATA 

There are various uncertainties that exist in the system data 

(i.e., line data and load data) which need to be considered in 

order to obtain the realistic assessment of the distribution 

system. The uncertainty in the line data is accounted by the 

changes in the resistance and reactance values and the 

uncertainty in the load data is accounted by the changes in 

active and reactive power values. Therefore, these 

uncertainties need to be modelled in the load flow analysis 

and the probabilistic approach is used so that these 

uncertainties are accounted in the load flow analysis. 

It has been assumed that the uncertainty is 

modelled with the help of the equation given below:  

𝑓(𝑦𝑗) =
1

𝜎√2𝜋
𝑒𝑥𝑝 (−

(𝑦𝑗 − 𝜇)
2

2𝜎2
) 

The three cases have been discussed here and the 

corresponding results are obtained: 

1) For varying line data and constant load data. 

2) For varying load data and constant line data. 

3) For both varying line data and load data. 

 
Fig. 1: Actual voltage profile of the system without 

consideration of uncertainty. 

 
Fig. 2: Voltage profiles for varying line data and constant 

load data. 
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Fig. 3: Voltage profiles for varying load data and constant 

line data. 

 
Fig. 4: Voltage profiles when both the line data and load 

data are varying. 

The load flow calculations give us the voltage 

magnitudes at various buses for different cases which are 

also shown in figures 1-4. Here it has been assumed that the 

uncertainty existing in the data varies 5% around the mean 

value. The voltages at various buses are plotted for different 

cases so that the effect of uncertainties in the data has been 

analysed. 

III. SENSITIVITY ANALYSIS AND VOLTAGE STABILITY 

INDEX 

The sensitivity is an important factor to determine the 

stability of the system under consideration. Therefore, it is 

very important to find the most sensitive node of the system 

so that stability of the system is maintained. The sensitivity 

analysis is done to see how the reactive power changes with 

change in voltage which is given by  

𝑆𝑉
𝑄 = 

𝑑𝑄𝑟

𝑑𝑉𝑟
=

(𝑉𝑠 − 2𝑉𝑟 cos 𝛿)

𝑋 cos 𝛿 − 𝑅 sin 𝛿
 

A simple assumption is made here because the 

angles are so small that their effect may be neglected 

without any loss of accuracy, therefore, 

                                  cos 𝛿 ≈ 1 

 and                            sin 𝛿 ≈ 0 

Therefore, the above formula reduces to  

𝑆𝑉
𝑄 = 

𝑑𝑄𝑟

𝑑𝑉𝑟
=

(𝑉𝑠 − 2𝑉𝑟)

𝑋 − 𝑅
 

The results obtained after ignoring the effect of 

angles are almost equivalent to that obtained when the effect 

of angles has been taken into consideration. 

The voltage stability index also helps us to find out 

the sensitive nodes of the system. The voltage stability index 

is given by: 

𝑉𝑆𝐼 (𝑖)  =  
𝑉(𝑖)

2
− 

𝑅𝑃(𝑖) + 𝑋𝑄(𝑖)

𝑉(𝑖)
 

The voltage stability index helps the operating 

personnel to know the stability of the system nodes so that 

one can bring the voltage level within the prescribed range. 

 
Fig. 5: Reactive power-voltage sensitivity curve. 

 
Fig. 6: Voltage Stability Index curve. 

If the value of sensitivity at a particular node is less 

it means that node is the more sensitive as compared to other 

nodes of the system. The sensitivity values at various nodes 

is shown in figure 5 and it has been noted that node 32 is the 

most sensitive node and nodes 11, 15, 17, 20, and 26 are 

also tending towards unstability. The voltage stability index 

has also been calculated and the results are plotted as shown 

in figure 6. It has been noted that node 32 is the most 

sensitive node. Therefore, it has been concluded that both 

the sensitivity calculations and voltage stability index 

calculations have revealed that node number 32 is the most 

sensitive node of the radial distribution system. 

IV. CONCLUSION 

The load flow analysis has been done on the IEEE 33 bus 

radial distribution system for the three cases in which the 

uncertainties in the input data has also been taken into 

consideration. The voltage profile for different cases has 

been drawn. The sensitivity analysis and voltage stability 

index calculations are also done on the IEEE 33 bus radial 

distribution system in order to find out the most sensitive 

node of the system. 
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