
Distribution System 

Introduction 

The main function of an electrical power distribution system is to provide power to individual 

consumer premises. The distribution of electric power to different consumers is done with a much 

lower voltage level compared to the transmission of power over long distances (i.e. over long 

transmission lines). 

Distribution of electric power is done through distribution networks. Distribution networks consist of 

following parts: 

1. Distribution substation 

2. Primary distribution feeder 

3. Distribution Transformer 

4. Distributors 

5. Service mains 

6. Distribution feeders: The stepped-down voltage from the substation is carried to distribution 

transformers via feeder conductors. Generally, no tappings are taken from the feeders so that 

the current remains same throughout. The main consideration in designing of a feeder 

conductor is its current carrying capacity. 

7. Distribution transformer: A distribution transformer, also called as service transformer, 

provides final transformation in the electric power distribution system. It is basically a step-

down 3-phase transformer. Distribution transformer steps down the voltage to 400Y/230 

volts. Here it means, voltage between any one phase and the neutral is 230 volts and phase to 

phase voltage is 400 volts. However, in USA and some other countries, 120/240 volts split-

phase system is used; where voltage between a phase and neutral is 120 volts. 

8. Distributors: Output from a distribution transformer is carried by distributor conductor. 

Tappings are taken from a distributor conductor for power supply to the end consumers. The 

current through a distributor is not constant as tappings are taken at various places throughout 

its length. So, voltage drop along the length is the main consideration while designing a 

distributor conductor. 

9. Service mains: It is a small cable which connects the distributor conductor at the nearest pole 

to the consumer's end. 
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Primary distribution 

It is that part of an AC distribution system which operates at somewhat higher voltages than general 

residential consumer utilization. Commonly used primary distribution voltages in most countries are 

11 kV, 6.6 kV and 3.3 kV. Primary distribution handles large consumers such as factories and 

industries. It also feeds small substation from where secondary distribution is carried out. Primary 

distribution is carried out by 3-phase, 3-wire system. 

Secondary distribution 

This part directly supplies to the residential end consumers. Domestic consumers are fed with single 

phase supply at 230 volts (120 volts in USA and some other countries). Three phase supply may also 

be provided at 400 volts for big properties, commercial buildings, small factories etc. Secondary 

transmission in most countries is carried out by 3-phase, 4-wire system. 

Classification of power distribution systems 

 According to nature of current: 

1. DC distribution system 

2. AC distribution system 

 According to type of construction: 

1. Overhead distribution system 

2. Underground distribution system 

 On the basis of scheme of connection: 

1. Radial distribution system 

2. Ring main distribution system 

3. Inter-connected distribution system 

 

Radial distribution system 

This system is used only when substation or generating station is located at the center of the 

consumers. In this system, different feeders radiate from a substation or a generating station and feed 

the distributors at one end. Thus, the main characteristic of a radial distribution system is that the 

power flow is in only one direction. Single line diagram of a typical radial distribution system is as 

shown in the figure below. It is the simplest system and has the lowest initial cost. 
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Although this system is simplest and least expensive, it is not highly reliable. A major drawback of a 

radial distribution system is, a fault in the feeder will result in supply failure to associated consumers 

as there won't be any alternative feeder to feed distributors. 

 

Ring main distribution system 

A similar level of system reliability to that of the parallel feeders can be achieved by using ring 

distribution system. Here, each distribution transformer is fed with two feeders but in different paths. 

The feeders in this system form a loop which starts from the substation bus-bars, runs through the 

load area feeding distribution transformers and returns to the substation bus-bars. The following 

figure shows a typical single line diagram of a ring main distribution system. 

 
Advantages of ring main distribution system 

 There are fewer voltage fluctuations at consumer's terminal. 

 The system is very reliable as each distribution transformer is fed with two feeders. That means, 

in the event of a fault in any section of the feeder, the continuity of the supply is ensured from the 

alternative path. 

 

Interconnected distribution system 

When a ring main feeder is energized by two or more substations or generating stations, it is called as 

an interconnected distribution system. This system ensures reliability in an event of transmission 

failure. Also, any area fed from one generating stations during peak load hours can be fed from the 

other generating station or substation for meeting power requirements from increased load. 

 

DC Distribution 
Electrical power is almost exclusively generated, transmitted and distributed in AC form. However, 

for certain applications, DC supply is absolutely necessary. For example, variable speed machinery 

incorporating DC motors, critical areas where storage battery reserves are necessary. Following are 

some points that make us think about dc power distribution. 

 

 Advancements in Power electronics have made it possible to transform DC voltage levels and 

conversion between AC and DC efficiently. It is now possible to replace existing AC distribution 

network with DC distribution network. 

 Distribution generation from solar and wind energy is increasing rapidly and both of these 

sources are intrinsically DC. 
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 A large number of office and household appliances internally require low voltage DC. These 

appliances are fed with AC supply and then transformed to lower voltage and converted into DC 

by an internal circuitry. 

 Harmonic issues, phase balancing problems, skin effect etc. are not present in DC systems. 

 DC energy can be stored easily in batteries and fuel cells. Such backup batteries can be 

utilized easily in case of supply failure. 

 

Types of DC distributors 

DC distributors are usually classified on the basis of the way they are fed by the feeders. Following 

are the four types of DC distributors. 

1. Distributor fed at one end 

2. Distributor fed at both ends 

3. Distributor fed at center 

4. Ring distributor 

Distributor fed at one end 

In this type, distributor is connected to the supply at one end and loads are tapped at different points 

along its length. The following figure shows the single line diagram of a distributor fed at one end. It 

worth to note that - 

 
 The current in various sections of the distributor away from the feeding point goes on decreasing. 

From the above figure, the current in section DE is less than the current in section CD and 

likewise. 

 The voltage also goes on decreasing away from the feeding point. In the above figure, voltage at 

point E will be minimum. 

 In case of a fault in any section of the distributor, the whole distributor will have to be 

disconnected from the supply. Thus, continuity of supply is interrupted. 

 

Distributor fed at both ends 

In this type, the distributor is connected to supply at both ends and voltages at feeding points may or 

may not be equal. The minimum voltage occurs at some load point which is shifted with the 

variation of load on different sections of the distributor. 

 

 

http://www.electricaleasy.com/2016/08/skin-effect-and-proximity-effect.html


Ring main DC distributor 

In this type, the distributor is in the form of a closed ring and fed at one point. This is equivalent to a 

straight distributor fed at both ends with equal voltages. 

 

A.C. DISTRIBUTION  

In the beginning of electrical age, electricity was generated, transmitted and distributed as direct 

current. The principal disadvantage of d.c. system was that voltage level could not readily be 

changed, except by the use of rotating machinery, which in most cases was too expensive. With the 

development of transformer by George Westinghouse, a.c. system has become so predominant as to 

make d.c. system practically extinct in most parts of the world. The present day large power system 

has been possible only due to the adoption of a.c. system Now-a-days, electrical energy is generated, 

transmitted and distributed in the form of alter- nating current as an economical proposition. The 

electrical energy produced at the power station is transmitted at very high voltages by 3-phase, 3-wire 

system to step-down sub-stations for distribution. The distribution system consists of two parts viz. 

primary distribution and secondary distribution. The primary distribution circuit is 3-phase, 3-wire 

and operates at voltages (3·3 or 6·6 or 11kV) somewhat higher than general utilization levels. It 

delivers power to the secondary distribution circuit through distribution transformers situated near 

consumers’ localities. Each distribution transformer steps down the voltage to 400 V and power is 

distributed to ultimate consumers’ by 400/230 V, 3-phase, 4-wire system. In this chapter, we shall 

focus our attention on the various aspects of a.c. distribution. 

  

   

 

 

 

 



A.C. DISTRIBUTION CALCULATIONS  

A.C. distribution calculations differ from those of d.c. distribution in the following respects : 

 ( i) In case of d.c. system, the voltage drop is due to resistance alone. However, in a.c. system, the 

voltage drops are due to the combined effects of resistance, inductance and capacitance. 

 ( ii) In a d.c. system, additions and subtractions of currents or voltages are done arithmetically but in 

case of a.c. system, these operations are done vectorially. 

( iii) In an a.c. system, power factor (p.f.) has to be taken into account. Loads tapped off form the 

distributor are generally at different power factors. There are two ways of referring power factor viz 

  

(a) It may be referred to supply or receiving end voltage which is regarded as the reference vector. 

 ( b) It may be referred to the voltage at the load point itself. 

 There are several ways of solving a.c. distribution problems. However, symbolic notation method 

has been found to be most convenient for this purpose. In this method, voltages, currents and 

impedances are expressed in complex notation and the calculations are made exactly as in d.c. 

distribution. 

  METHODS OF SOLVING A.C. DISTRIBUTION PROBLEMS 

 In a.c. distribution calculations, power factors of various load currents have to be considered since 

currents in different sections of the distributor will be the vector sum of load currents and not the 

arithmetic sum. The power factors of load currents may be given ( i) w.r.t. receiving or sending end 

voltage or ( ii) w.r.t. to load voltage itself. Each case shall be discussed separately. 

 ( i) Power factors referred to receiving end voltage. 

Consider an a.c. distributor A B with concentrated loads of I1 and I2 tapped off at points C and B as 

shown in Fig. Taking the receiving end voltage VB as the reference vector, let lagging power factors 

at C and B be cos φ1 and cos φ 2 w.r.t. VB . Let R1 , X1 and R2 , X2 be the resistance and reactance 

of sections A C and CB of the distributor. 



 

 



 

The vector diagram of the a.c. distributor under these conditions is shown in Fig. Here, the receiving 

end voltage VB is taken as the reference vector. As power factors of loads are given w.r.t. VB , 

therefore, I1 and I2 lag behind VB by φ1 and φ2 respectively. 

  

 (ii) Power factors referred to respective load voltages. 

 Suppose the power factors of loads in the previous Fig. are referred to their respective load voltages. 

Then φ1  is the phase angle between VC  and I1and  φ2 is the phase angle between VB  and I2 . The 

vector diagram under these conditions is shown in Fig 

 



 

 
 



 



Four-Wire Star-Connected Unbalanced Loads: 

We can obtain this type of load in two ways. First, we may connect a 3-phase, 4-wire unbalanced 

load to a 3-phase, 4-wire supply as shown in Fig. Note that star point N of the supply is connected to 

the load star point N’. Secondly, we may connect single phase loads between any line and the neutral 

wire as shown in Fig. This will also result in a 3-phase, 4-wire unbalanced load because it is rarely 

possible that single phase loads on all the three phases have the same magnitude and power factor. 

Since the load is unbalanced, the line currents will be different in magnitude and displaced from one 

another by unequal angles, The current in the neutral wire will be the phasor sum of the three line 

currents i.e. 

Current in neutral wire, 

 

 

The following points may be noted carefully 

1.Since the neutral wire has negligible resistance, supply neutral N and load neutral N’ will be at the 

same potential. It means that voltage across each impedance is equal to the phase voltage of the 

supply. However, current in each phase (or line) will be different due to unequal impedances. 

2.The amount of current flowing in the neutral wire will depend upon the magnitudes of line currents 

and their phasor relations. In most circuits encountered in practice, the neutral current is equal to or 

smaller than one of the line currents. The exceptions arc those circuits having severe unbalance. 
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ASSIGNMENT QUESTIONS 

 

i) What are the different distribution system adopted in power system? 

ii) What are the advantages of ring main distribution system? 

iii) What are the types of dc distribution system are there? Explain. 

iv)  A single phase distributor 2 km.long supplies a load of 120 A at 0.8 p.f. lagging 

at its far end and a load of 80 A at 0.9 p.f. lagging at its mid point. Both power factor 

are referred to the voltage at the far end. The resistance and reactance per km. go 

and return are 0.05Ω and 0.1 Ω respectively. The voltage at the far end is maintained 

at 230 v, calculate 

i) Voltage at the sending end. 

ii) Phase angle between voltage at the two end. 
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