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Chennai Institute of Technology 

Department of Electrical and ElectronicsEngineering 

EE3401-Transmission and Distribution 

UNIT-IV-UNDER GROUND CABLES  

 

UNDERGROUND CABLES  

An underground cable essentially consists of one or more conductors covered with 

suitable insulation and surrounded by a protecting cover. Although several types of cables are 

available, the type of cable to be used will depend upon the working voltage and service 

requirements.  

In general, a cable must fulfill the following necessary requirements:  

(i) The conductor used in cables should be tinned stranded copper or aluminum of high 

conductivity. Stranding is done so that conductor may become flexible and carry more current.  

(ii) The conductor size should be such that the cable carries the desired load current without 

overheating and causes voltage drop within permissible limits.  

(iii) The cable must have proper thickness of insulation in order to give high degree of safety and 

reliability at the voltage for which it is designed.  

(iv) The cable must be provided with suitable mechanical protection so that it may withstand the 

rough use in laying it.  

(v) The materials used in the manufacture of cables should be such that there is complete 

chemical and physical stability throughout. 

 

INSULATING MATERIALS FOR CABLES  

The satisfactory operation of a cable depends to a great extent upon the characteristics of 

insulation used. Therefore, the proper choice of insulating material for cables is of considerable 

importance.  

In general, the insulating materials used in cables should have the 

followingProperties  

(i) High insulation resistance to avoid leakage current. 

(ii) High dielectric strength to avoid electrical breakdown of the cable.  

      (iii) High mechanical strength to withstand the mechanical handling of cables.  

      (v) Non-inflammable.  

(vi) Low cost so as to make the underground system a viable proposition.  

(vii) Unaffected by acids and alkalies to avoid any chemical action.  

No one insulating material possesses all the above mentioned properties. Therefore, the 

type of insulating material to be used depends upon the purpose for which the cable is required 

and the quality of insulation to be aimed at.  

The insulating materials used in cables are rubber, vulcanized India rubber, 

impregnated paper, varnished cambric and polyvinyl chloride. 
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Rubber  

Rubber may be obtained from milky sap of tropical trees or it may be produced from oil 

products. It has relative permittivity varying between 2 and 3, dielectric strength is about 30 

kV/mm and resistivity of insulation is 1017 cm. Although pure rubber has reasonably high 

insulating properties, it suffers form some major drawbacks viz., readily absorbs moisture, 

maximum safe temperature is low (about 38ºC), soft and liable to damage due to rough handling 

and ages when exposed to light. Therefore, pure rubber cannot be used as an insulating material.  

Vulcanised India Rubber (V.I.R.)  

It is prepared by mixing pure rubber with mineral matter such as zinc oxide, red lead etc., 

and 3 to 5% of sulphur. The compound so formed is rolled into thin sheets and cut into strips. 

The rubber compound is then applied to the conductor and is heated to a temperature of about 

150ºC. The whole process is called vulcanisation and the product obtained is known as 

vulcanised India rubber. Vulcanised India rubber has greater mechanical strength, durability and 

wear resistant property than pure rubber. Its main drawback is that sulphur reacts very quickly 

with copper and for this reason, cables using VIR insulation have tinned copper conductor. The 

VIR insulation is generally used for low and moderate voltage cables.  

Impregnated paper  

It consists of chemically pulped paper made from wood chippings and impregnated with 

some compound such as paraffinic or naphthenic material. This type of insulation has almost 

superseded the rubber insulation. It is because it has the advantages of low cost, low capacitance, 

high dielectric strength and high insulation resistance. The only disadvantage is that paper is 

hygroscopic and even if it is impregnated with suitable compound, it absorbs moisture and thus 

lowers the insulation resistance of the cable. For this reason, paper insulated cables are always 

provided with some protective covering and are never left unsealed. If it is required to be left 

unused on the site during laying, its ends are temporarily covered with wax or tar. Since the 

paper insulated cables have the tendency to absorb moisture, they are used where the cable route 

has a few joints. For instance, they can be profitably used for distribution at low voltages in 

congested areas where the joints are generally provided only at the terminal apparatus. However, 

for smaller installations, where the lengths are small and joints are required at a number of 

places, VIR cables will be cheaper and durable than paper insulated cables. 

Varnished cambric  

It is a cotton cloth impregnated and coated with varnish. This type of insulation is also 

known as empire tape. The cambric is lapped on to the conductor in the form of a tape and its 

surfaces are coated with petroleum jelly compound to allow for the sliding of one turn over 

another as the cable is bent. As the varnished cambric is hygroscopic, therefore, such cables are 

always provided with metallic sheath. Its dielectric strength is about 4 kV/mm and permittivity is 

2.5 to 3.8.  

Polyvinyl chloride (PVC)  

This insulating material is a synthetic compound. It is obtained from the polymerization 

of acetylene and is in the form of white powder. For obtaining this material as a cable insulation, 

it is compounded with certain materials known as plasticizers which are liquids with high boiling 

point. The plasticizer forms a gell and renders the material plastic over the desired range of 

temperature. Polyvinyl chloride has high insulation resistance, good dielectric strength and 
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mechanical toughness over a wide range of temperatures. It is inert to oxygen and almost inert to 

many alkalies and acids. Therefore, this type of insulation is preferred over VIR in extreme 

environmental conditions such as in cement factory or chemical factory. As the mechanical 

properties (i.e., elasticity etc.) of PVC are not so good as those of rubber, therefore, PVC 

insulated cables are generally used for low and medium domestic lights and power installations. 

 

CONSTRUCTION OF THREE CORE CABLE: 

 

 
 

Fig1: Construction of three Core Cable 

a)Cores or Conductors  

A cable may have one or more than one core (conductor) depending upon the type of 

service for which it is intended. For instance, the 3- conductor cable shown in Fig. is used for 3-

phase service. The conductors are made of tinned copper or aluminum and are usually stranded 

in order to provide flexibility to the cable.  

b) Insulation  

Each core or conductor is provided with a suitable thickness of insulation, the thickness 

of layer depending upon the voltage to be withstood by the cable. The commonly used materials 

for insulation are impregnated paper, varnished cambric or rubber mineral compound.  

c)Metallic sheath.  

In order to protect the cable from moisture, gases or other damaging liquids (acids or 

alkalies) in the soil and atmosphere, a metallic sheath of lead or aluminum is provided over the 

insulation as shown in Fig.  

d) Bedding.  

Over the metallic sheath is applied a layer of bedding which consists of a fibrous material 

like jute or hessian tape. The purpose of bedding is to protect the metallic sheath against 

corrosion and from mechanical injury due to armouring.  

e) Armouring.  

Over the bedding, armouring is provided which consists of one or two layers of 

galvanized steel wire or steel tape. Its purpose is to protect the cable from mechanical injury 
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while laying it and during the course of handling. Armouring may not be done in the case of 

some cables.  

f) Serving.  

In order to protect armouring from atmospheric conditions, a layer of fibrous material 

(like jute) similar to bedding is provided over the armouring. This is known as serving. It may 

not be out of place to mention here that bedding, armouring and serving are only applied to the 

cables for the protection of conductor insulation and to protect the metallic sheath from 

Mechanical injury. 

 

TYPES OF CABLES 

Cables for underground service may be classified in two ways according to  

(i) the type of insulating material used in their manufacture  

(ii)the voltage for which they are manufactured.  

However, the latter method of classification is generally preferred, according to which 

cables can be divided into the following groups: 

 

Low-tension (L.T.) cables — upto 1000 V  

High-tension (H.T.) cables — upto 11,000 V  

Super-tension (S.T.) cables — from 22 kV to 33 kV  

Extra high-tension (E.H.T.) cables — from 33 kV to 66 kV  

Extra super voltage cables — beyond 132 kV 

 

A cable may have one or more than one core depending upon the type of service for which it is 

intended. It may be  

(i) single-core (ii) two-core (iii) three-core (iv) four-core etc.  

For a 3-phase service, either 3-single-core cables or three-core cable can be used 

depending upon the operating voltage and load demand. Fig. shows the constructional details of 

a single-core low tension cable. The cable has ordinary construction because the stresses 

developed in the cable for low voltages (up to 6600 V) are generally small. It consists of one 

circular core of tinned stranded copper (or aluminium) insulated by layers of impregnated paper. 

The insulation is surrounded by a lead sheath which prevents the entry of moisture into the inner 

parts. In order to protect the lead sheath from corrosion, an overall serving of compounded 

fibrous material (jute etc.) is provided. Single-core cables are not usually armoured in order to 

avoid excessive sheath losses. The principal advantages of single-core cables are simple 

construction and availability of larger copper section. 
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Fig2: Construction of a single-core low tension cable 

Cable For 3-Phase  

In practice, underground cables are generally required to deliver 3-phase power. For the 

purpose, either three-core cable or three single core cables may be used. For voltages upto 66 

kV, 3-core cable (i.e., multi-core construction) is preferred due to economic reasons. However, 

for voltages beyond 66 kV, 3-core-cables become too large and unwieldy and, therefore, single-

core cables areused. The following types of cables are generally used for 3-phase service  

1. Belted cables — upto 11 kV  

2. Screened cables — from 22 kV to 66 kV  

3. Pressure cables — beyond 66 kV.  

1. Belted Cables  

These cables are used for voltages upto 11kV but in extraordinary cases, their use may be 

extended upto 22kV. Fig.3 shows the constructional details of a 3-core belted cable. The cores 

are insulated from each other by layers of impregnated paper. 

 

 
 

Fig.3 Constructional details of a 3-core belted cable 

Another layer of impregnated paper tape, called paper belt is wound round the grouped 

insulated cores. The gap between the insulated cores is filled with fibrous insulating material 

(jute etc.) so as to give circular cross-section to the cable. The cores are generally stranded and 

155

EnggTree.Com

Downloaded from EnggTree.com



6 
 
may be of non circular shape to make better use of available space. The belt is covered with lead 

sheath to protect the cable against ingress of moisture and mechanical injury. The lead sheath is 

covered with one or more layers of armouring with an outer serving (not shown in the 

figure).The belted type construction is suitable only for low and medium voltages as the electro 

static stresses developed in the cables for these voltages are more or less radial i.e., across the 

insulation. However, for high voltages (beyond 22 kV), the tangential stresses also become 

important. These stresses act along the layers of paper insulation. As the insulation resistance of 

paper is quite small along the layers, therefore, tangential stresses set up leakage current along 

the layers of paper insulation. The leakage current causes local heating, resulting in the risk of 

breakdown of insulation at any moment. In order to overcome this difficulty, screened cables are 

used where leakage currents are conducted to earth through metallic screens.  

 

2.Screened Cables  

These cables are meant for use up to 33 kV, but in particular cases their use may be 

extended to operating voltages up to 66 kV. Two principal types of screened cables are H-type 

cables and S.L. type cables.  

(i)H-type Cables  

This type of cable was first designed by H. Hochstetler and hence the name. Fig4. shows 

the constructional details of a typical 3-core, H-type cable. Each core is insulated by layers of 

impregnated paper. The insulation on each core is covered with a metallic screen which usually 

consists of a perforated aluminum foil. The cores are laid in such a way that metallic screens 

 

 
Fig4: 3-core, H-type cable 

make contact with one another. An additional conducting belt (copper woven fabric tape) is 

wrapped round the three cores. The cable has no insulating belt but lead sheath, bedding, 

armouring and serving follow as usual. It is easy to see that each core screen is in electrical 

contact with the conducting belt and the lead sheath. As all the four screens (3 core screens and 

one conducting belt) and the lead sheath are at earth potential, therefore, the electrical stresses 

are purely radial and consequently dielectric losses are reduced. Two principal advantages 

areclaimed for H-type cables. Firstly, the perforations in the metallic screens assist in the 

complete impregnation of the cable with the compound and thus the possibility of air pockets or 

voids (vacuous spaces) in the dielectric is eliminated. The voids if present tend to reduce the 
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breakdown strength of the cable and may cause considerable damage to the paper insulation. 

Secondly, the metallic screens increase the heat dissipating power of the cable. 

(ii) S.L.Type cables 

 Fig.5 shows the constructional details of a 3-core S.L. (separate lead) type cable. It is 

basically H-type cable but the screen round each core insulation is covered by its own lead 

sheath. There is no overall lead sheath but only armouring and serving are provided. The S.L. 

type cables have two main advantages over H-type cables. Firstly, the separate sheaths minimize 

the possibility of core-to-core breakdown. Secondly, bending of cables becomes easy due to the 

elimination of overall lead sheath. However, the disadvantage is that the three lead sheaths of 

S.L. cable are much thinner than the single sheath of H-cable and, therefore, call for greater care 

in manufacture. 

 
3. Pressure cables  

For voltages beyond 66 kV, solid type cables are unreliable because there is a danger of 

breakdown of insulation due to the presence of voids. When the operating voltages are greater 

than 66 kV, pressure cables are used. In such cables, voids are eliminated by increasing the 

pressure of compound and for this reason they are called pressure cables. Two types of pressure 

cables viz oil-filled cables and gas pressure cables are commonly used.  

(i)Oil-filled cables.  

In such types of cables, channels or ducts are provided in the cable for oil circulation. The 

oil under pressure (it is the same oil used for impregnation) is kept constantly supplied to the 

channel by means of external reservoirs placed at suitable distances (say 500 m) along the route 

of the cable. Oil under pressure compresses the layers of paper insulation and is forced in to any 

voids that may have formed between the layers. Due to the elimination of voids, oil-filled cables 

can be used for higher voltages, the range being from 66 kV up to 230 kV. Oilfilled cables are of 

three types viz., single-core conductor channel, single-core sheath channel and three-core filler-

space channels. 
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Fig. shows the constructional details of a single-core conductor channel, oil filled cable. 

The oil channel is formed at the center by stranding the conductor wire around a hollow 

cylindrical steel spiral tape. The oil under pressure is supplied to the channel by means of 

external reservoir. As the channel is made of spiral steel tape, it allows the oil to percolate 

between copper strands to the wrapped insulation. The oil pressure compresses the layers of 

paper insulation and prevents the possibility of void formation. The system is so designed that 

when the oil gets expanded due to increase in cable temperature, the extra oil collects in 

thereservoir. However, when the cable temperature falls during light load conditions, the oil from 

the reservoir flows to the channel. The disadvantage of this type of cable is that the channel is at 

the middle of the cable and is at full voltage w.r.t. earth, so that a very complicated system of 

joints is necessary. Fig. shows the constructional details of a single core sheath channel oil-filled 

cable. In this type of cable, the conductor is solid similar to that of solid cable and is paper 

insulated. However, oil ducts are provided in them etallic sheath as shown. In the 3-core oil-filler 

cable shown in Fig. the oil ducts are located in the filler spaces. These channels are composed of 

perforated metalribbon tubing and are at earth potential.  

 

 

 

(ii)Gas Pressure Cable  

The voltage required to set up ionization inside a void increases as the pressure is 

increased. Therefore, if ordinary cable is subjected to a sufficiently high pressure, the ionization 

can be altogether eliminated. At the same time, the increased pressure produces radial 
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compression which tends to close any voids. This is the underlying principle of gas pressure 

cables. 

 
Fig Shows the section of external pressure cable designed by Hochstetler, Vogal and 

Bowden. The construction of the cable is similar to that of an ordinary solid type except that it is 

of triangular shape and thickness of lead sheath is 75% that of solid cable. The triangular section 

reduces the weight and gives low thermal resistance but the main reason for triangular shape is 

that the lead sheath acts as a pressure membrane. The sheath is protected by a thin metal tape. 

The cable is laid in a gas-tight steel pipe. The pipe is filled with dry nitrogen gas at 12 to 15 

atmospheres. The gas pressure produces radial compression and closes the voids that may have 

formed between the layers of paper insulation. Such cables can carry more load current and 

operate at higher voltages than a normal cable. Moreover, maintenance cost is small and the 

nitrogen gas helps in quenching any flame. However, it has the disadvantage that the overall cost 

is very high. 
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Chennai Institute of Technology 
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EE3401-Transmission and Distribution 

UNIT V-DISTRIBUTION SYSTEMS 

 

DISTRIBUTION SYSTEMS 

The electrical energy produced at the generating station is conveyed to the consumers 

through a network of transmission and distribution systems. In general, distribution system is 

that part of power system which distributes power to the consumers for utilization.  

Distribution System  

That part of power system which distributes electric power for local use is known as 

distribution system. In general, the distribution system is the electrical system between the 

substation fed by the Transmission system and the consumer’s meters. It generally consists of 

feeders, distributors, and service mains.  

i) Feeders  

A feeder is a conductor which connects the sub-station (or localized generating station) to 

the area where power is to be distributed. Generally, no tapings are taken from the feeder so that 

current in it remains the same throughout. The main consideration in the design of a feeder is the 

current carrying capacity.  

(ii) Distributor  

A distributor is a conductor from which tapings are taken for supply to the consumers. 

The current through a distributor is not constant because tapings are taken at various places along 

its length. While designing a distributor, voltage drop along its length is the main consideration 

since the statutory limit of voltage variations is ± 6% of rated value at the consumers’ terminals.  

(iii) Service mains  

A service main is generally a small cable which connects the distributor to the 

consumers’ terminals. 

CLASSIFICATION OF DISTRIBUTION SYSTEMS  

A distribution system may be classified according to  

i) Nature of current  

According to nature of current, distribution system may be classified as  

(a) DC Distribution system (b) AC Distribution system  

Now-a-days, AC system is universally adopted for distribution of electric power as it is simpler 

and more economical than direct current method  

ii) Type of construction  

According to type of construction distribution system may be classified as  

(a) Overhead System  (b) Underground System. 
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The overhead system is generally employed for distribution as it is 5 to 10 times cheaper 

than the equivalent underground system. In general, the underground system is used at places 

where overhead construction is impracticable or prohibited by the local laws  

(iii) Scheme of connection  

According to scheme of connection, the distribution system may be classified as  

(a) Radial system  

(b) Ring main system  

(c) Inter-connected system  

 

AC DISTRIBUTION  

Now-a-days electrical energy is generated, transmitted and distributed in the form of 

alternating current. One important reason for the widespread use of alternating current in 

preference to direct current is the fact that alternating voltage can be conveniently changed in 

magnitude by means of a transformer. Transformer has made it possible to transmit AC power at 

high voltage and utilize it at a safe potential. High transmission and distribution voltages have 

greatly reduced the current in the conductors and the resulting line losses.  

The AC distribution system is classified into  

i) primary distribution system and ii)Secondary distribution system.  

i) Primary distribution system.  

It is that part of a.c. distribution system which operates at voltages somewhat higher than 

general utilization and handles large blocks of electrical energy than the average low-voltage 

consumer uses. The voltage used for primary distribution depends upon the amount of power to 

be conveyed and the distance of the substation required to be fed. The most commonly used 

primary distribution voltages are 11 kV, 6·6 kV and 3·3 kV. Due to economic considerations, 

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

ii) Secondary distribution system  

It is that part of a.c. distribution system. The secondary distribution employs 400/230V, 

3-phase, 4 wire system. The primary distribution circuit delivers power to various substations, 

called distribution sub-stations. The substations are situated near the consumers’ localities and 

contain step-down transformers. At each distribution substation, the voltage is stepped down to 

400V and power is delivered by 3-phase, 4-wire a.c. system. The voltage between any two 

phases is 400V and between any phase and neutralize 230V. The single phase domestic loads are 

connected between anyone phase and the neutral, whereas 3-phase 400V motor loads are 

connected across3- phase lines directly. 

 

D.C. DISTRIBUTION  

It is a common knowledge that electric power is almost exclusively generated, 

transmitted and distributed as a.c. However, for certain applications, d.c. supply is absolutely 

necessary. For instance, d.c. supply is required for the operation of variable speed machinery 

(d.c. motors), for electro-chemical work and for congested areas where storage battery reserves 
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are necessary. For this purpose, a.c. power is converted into d.c. power at the substation by using 

converting machinery e.g., mercury arc rectifiers, rotary converters and motor-generator sets. 

The d.c. supply from the substation may be obtained in the form of  

( i) 2-wire ( ii) 3-wire for distribution.  

( i) 2-wire d.c. system.  

As the name implies, this system of distribution consists of two wires. One is the 

outgoing or positive wire and the other is the return or negative wire. The loads such as lamps, 

motors etc. are connected in parallel between the two wires. 

( ii) 3-wire d.c. system.  

It consists of two outers and a middle or neutral wire which is earthed at the substation. 

The voltage between the outers is twice the voltage between either outer or neutral wire. Loads 

requiring high voltage ( e.g., motors) are connected across the outers, whereas lamps and heating 

circuits requiring less voltage are connected between either outer and the neutral. 

CONNECTION SCHEMES OF DISTRIBUTION SYSTEM  

All distribution of electrical energy is done by constant voltage system. In practice, the 

following distribution circuits are generally used. 

(i) Radial System.  

In this system, separate feeders radiate from a single substation and feed the distributors 

at one end only. Fig. shows a single line diagram of a radial system for d.c. distribution where a 

feeder OC supplies a distributor A B at point A. Obviously, the distributor is fed at one end only 

i.e., point A is this case. Fig (ii) shows a single line diagram of radial system for a.c. distribution. 

The radial system is employed only when power is generated at low voltage and the substation is 

located at the centre of the load. 

 
This is the simplest distribution circuit and has the lowest initial cost. However, it suffers 

from the following drawbacks  

(a) The end of the distributor nearest to the feeding point will be heavily loaded.  

(b) The consumers are dependent on a single feeder and single distributor. Therefore, any fault 

on the feeder or distributor cuts off supply to the consumers who are on the side of the fault away 

from the substation.  
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(c) The consumers at the distant end of the distributor would be subjected to serious voltage 

fluctuations when the load on the distributor changes. Due to these limitations, this system is 

used for short distances only.  

(ii) Ring main system.  

In this system, the primaries of distribution transformers form a loop. The loop circuit 

starts from the substation bus-bars, makes a loop through the area to be served, and returns to the 

substation. Fig.shows the single line diagram of ring main system for a.c. distribution where 

substation supplies to the closed feeder LMNOPQRS. 

 

 
The distributors are tapped from different points M, O and Q of the feeder through 

distribution transformers. The ring main system has the following advantages 

(a) There are less voltage fluctuations at consumer’s terminals.  

(b) The system is very reliable as each distributor is fed via two feeders. In the event of fault on 

any section of the feeder, the continuity of supply is maintained. For example, suppose that fault 

occurs at any point F of section SLM of the feeder. Then section SLM of the feeder can be 

isolated for repairs and at the same time continuity of supply is maintained to all the consumers 

via the feeder SRQPONM.  

(iii) Interconnected system.  

When the feeder ring is energized by two or more than two generating stations or 

substations, it is called inter-connected system. Fig. 12.10 shows the single line diagram of 

interconnected system where the closed feeder ring ABCD is supplied by two substations S and 

S at points D and C respectively. 
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Distributors are connected to points O, P, Q and R of the feeder ring through distribution 

transformers. The interconnected system has the following advantages  

(a) It increases the service reliability.  

(b) Any area fed from one generating station during peak load hours can be fed from the other 

generating station. This reduces reserve power capacity and increases efficiency of the system. 

 

COMPARISON BETWEEN OVERHEAD AND UNDERGROUND SYSTEM  

 

The distribution system can be overhead or underground. Overhead lines are generally 

mounted on wooden, concrete or steel poles which are arranged to carry distribution transformers in 

addition to the conductors. The underground system uses conduits, cables and manholes under the 

surface of streets and sidewalks. The choice between overhead and underground system depends 

upon a number of widely differing factors. Therefore, it is desirable to make a comparison between 

the two.  

(i) Public safety.  

The underground system is more safe than overhead system because all distribution 

wiring is placed underground and there are little chances of any hazard.  

(ii) Initial cost.  

The underground system is more expensive due to the high cost of trenching, conduits, 

cables, manholes and other special equipment. The initial cost of an underground system may be 

five to ten times than that of an overhead system.  

(iii) Flexibility.  

The overhead system is much more flexible than the underground system. Underground 

system manholes, duct lines etc., are permanently placed once installed and the load expansion 
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can only be met by laying new lines. However, on an overhead system, poles, wires, 

transformers etc., can be easily shifted to meet the changes in load conditions.  

(iv) Faults.  

The chances of faults in underground system are very rare as the cables are laid 

underground and are generally provided with better insulation.  

(v) Appearance.  

The general appearance of an underground system is better as all the distribution lines are 

invisible. This factor is exerting considerable public pressure on electric supply companies to 

switch over to underground system.  

(vi) Fault location and repairs.  

In general, there are little chances of faults in an underground system. However, if a fault 

does occur, it is difficult to locate and repair on this system. On an overhead system, the 

conductors are visible and easily accessible so that fault locations and repairs can be easily made.  

(vii) Current carrying capacity and voltage drop.  

An overhead distribution conductor has a considerably higher current carrying capacity 

than an underground cable conductor of the same material and cross-section. On the other hand,  

underground cable conductor has much lower inductive reactance than that of an overhead 

conductor because of closer spacing of conductors.  

(viii) Useful life.  

The useful life of underground system is much longer than that of an overhead system. 

An overhead system may have a useful life of 25 years, whereas an underground system may 

have a useful life of more than 50 years.  

(ix) Maintenance cost.  

The maintenance cost of underground system is very low as compared with that of 

overhead system because of less chances of faults and service interruptions from wind, ice, 

lightning as well as from traffic hazards.  

(x) Interference with communication circuits.  

An overhead system causes electromagnetic interference with the telephone lines. The 

power line currents are superimposed on speech currents, resulting in the potential of the 

communication channel being raised to an undesirable level. However, there is no such 

interference with the underground system.  

It is clear from the above comparison that each system has its own advantages and 

disadvantages. However, comparative economics (i.e.,annual cost of operation) is the most 

powerful factor influencing the choice between underground and overhead system. The greater 

capital cost of underground system prohibits its use for distribution. But sometimes non-

economic factors (e.g., general appearance, public safety etc.) exert considerable influence on 

choosing underground system. In general, overhead system is adopted for distribution and the 

use of underground system is made only where overhead construction is impracticable or 

prohibited by local laws.  
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Substation - introduction  

The assembly of apparatus used to change some characteristic (e.g. voltage, a.c. to d.c., 

frequency, p.f. etc.) of electric supply is called a sub-station. Sub-stations are important part of 

power system. The continuity of supply depends to a considerable extent upon the successful 

operation of sub-stations. It is, therefore, essential to exercise utmost care while designing and 

building a sub-station. The following are the important points which must be kept in view while 

laying out a sub-station 

(i) It should be located at a proper site. As far as possible, it should be located at the centre of 

gravity of load.  

(ii) It should provide safe and reliable arrangement. For safety, consideration must be given to 

the maintenance of regulation clearances, facilities for carrying out repairs and maintenance, 

abnormal occurrences such as possibility of explosion or fire etc. For reliability, consideration 

must be given for good design and construction, the provision of suitable protective gear etc.  

(iii) It should be easily operated and maintained.  

(iv) It should involve minimum capital cost.  

 

Classification of Sub-Stations  

There are several ways of classifying sub-stations. However, the two most important 

ways of classifying them are according to (1) service requirement and (2) constructional features. 

1.According to service requirement  

A sub-station may be called upon to change voltage level or improve power factor or 

convert a.c. power into d.c. power etc. According to the service requirement, sub-stations may be 

classified into : 

(i)Generating sub-stations.  

Generating substations are located near the generatingplants. The generating voltages are 

11kv or 6.6 kv and need to be stepped up to the transmission in the range of 110kv, 220kv and 

400kv, so that the power loss will be reduced and large amount of power can be transmitted over 

long distance. 

(ii) Grid substations 

Grid substations are located in the intermediate points between the generating stations 

and load centers. Load centers receive all the information from the generating stations and to 

ensure corrective actions. The main purpose of these substations is to provide connections of low 

voltage line, some compensating devices etc. 

(iii) Secondary substations 

 These substations are connected with the main grid substations with the help of 

secondary transmission lines. The voltages at these substations are stepped down to the primary 

distribution voltage or sub transmission voltage such as 11kv or 6.6 kv. Some large factories are 

directly connected to these substations. 
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(iv) Distribution substation 

 Distribution substations are connected between primary and secondary distribution. The 

primary distribution voltages such as 11kv or 6.6 kv is to be stepped down to the supply voltage 

400 V for three phase and 230 V for single phase. These substations are transfer power to the 

consumer through distributors and service mains. 

(v) Switching sub-stations  

These sub-stations do not change the voltage level i.e. incoming and outgoing lines have 

the same voltage. However, they simply perform the switching operations of power lines.  

(vi) Power factor correction sub-stations.  

Those sub-stations which improve the power factor of the system are called power factor 

correction sub-stations. Such sub-stations are generally located at the receiving end of 

transmission lines. These sub-stations generally use synchronous condensers as the power factor 

improvement equipment.  

(vii) Frequency changer sub-stations  

Those sub-stations which change the supply frequency are known as frequency changer 

sub-stations. Such a frequency change may be required for industrial utilization.  

(viii) Converting sub-stations  

Those sub-stations which change a.c. power into d.c. power are called converting sub-

stations. These sub-stations receive a.c. power and convert it into d.c power with suitable 

apparatus to supply for such purposes as traction, electroplating, electric welding etc.  

(ix) Industrial sub-stations  

Those sub-stations which supply power to individual industrial concerns are known as 

industrial sub-stations.  

2. According to constructional features  

A sub-station has many components (e.g. circuit breakers, switches, fuses, instruments 

etc.) which must be housed properly to ensure continuous and reliable service. According to 

constructional features, the sub-stations are classified as 

(i) Indoor sub-station  

(ii) Outdoor sub-station  

(iii) Underground sub-station  

(iv) Pole-mounted sub-station  

(i) Indoor sub-stations  

For voltages upto 11 kV, the equipment of the sub-station is installed indoor because of 

economic considerations. However, when the atmosphere is contaminated with impurities, these 

sub-stations can be erected for voltages upto 66 kV.  

(ii) Outdoor sub-stations  

For voltages beyond 66 kV, equipment is invariably installed out- door. It is because for 

such voltages, the clearances between conductors and the space required for switches, 

circuitbreakers and other equipment becomes so great that it is not economical to install the 

equipment indoor.  
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(iii) Underground sub-stations  

In thickly populated areas, the space available for equipment and building is limited and 

the cost of land is high. Under such situations, the sub-station is created underground.  

(iv) Pole-mounted sub-stations  

This is an outdoor sub-station with equipment installed over- head on H-pole or 4-pole 

structure. It is the cheapest form of sub-station for voltages not exceeding 11kV (or 33 kV in 

some cases). Electric power is almost distributed in localities through such sub- stations. For 

complete discussion on pole-mounted sub-station, 

 

METHODS OF GROUNDING 

 

GROUNDING - INTRODUCTION  

In power system, grounding or earthing means connecting frame of electrical equipment 

(non-current carrying part) or some electrical part of the system (e.g. neutral point in a star-

connected system, one conductor of the secondary of a transformer etc.) to earth i.e. soil. This 

connection to earth may be through a conductor or some other circuit element (e.g. are resistor, a 

circuit breaker etc.) depending up on the situation, grounding or earthing offers two principal 

advantages. First, it provides protection to the power system. For example, If the neutral point of 

a star-connected system is grounded through a circuit breaker and phase to earth fault occurs on 

any one line, a large fault current will flow through the circuit breaker. The circuit breaker will 

open to isolate the faulty line. This protects the power system from the harmful effects of the 

fault. Secondly, earthing of electrical equipment ensures the safety of the persons handling the 

equipment. For example, if insulation fails, there will be a direct contact of the live conductor 

with the metallic part (i.e. frame) of the equipment. Any person in contact with the metallic part 

of this equipment will be subjected to a dangerous electrical shock which can be fatal. In this 

chapter, we shall discuss the importance of grounding or earthing in the line of power system 

with special emphasis on neutral grounding. 

Concept of Grounding  

The process of connecting the metallic frame (i.e. non-current carrying part) of electrical 

equipment or some electrical part of the system (e.g. neutral point in a star- connected system, 

one conductor of the secondary of a transformer etc.) to earth (i.e. soil) is called grounding or 

earthing. It is strange but true that grounding of electrical systems is less understood aspect of 

power system. Nevertheless, it is a very important subject. If grounding is done systematically in 

the line of the power system, we can effectively prevent accidents and damage to the equipment 

of the power system and at the same time continuity of supply can be maintained. Grounding or 

earthing may be classified as:(i) Equipment grounding (ii) System grounding. Equipment 

grounding deals with earthing the non-current-carrying metal parts of the electrical equipment. 

On the other hand, system grounding means earthing some part of the electrical system e.g. 

earthing of neutral point of star-connected system in generating stations and substations.  
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Neutral Grounding  

The process of connecting neutral point of 3-phase system to earth (i.e. soil) either 

directly or through some circuit element is called neutral grounding. Neutral grounding provides 

protection to personal and equipment. It is because during earth fault, the current path is 

completed through the earthed neutral and the protective devices (e.g. a fuse etc.) operate to 

isolate the faulty conductor from the rest of the system. This point is illustrated in Fig. 

 

 
 

Fig. shows a 3-phase, star-connected system with neutral earthed. Suppose a single line to 

ground fault occurs in line R at point F. This will cause the current to flow through ground path 

as shown in Fig.1. Note that current flows from R phase to earth, then to neutral point N and 

back to R-phase. Since the impedance of the current path is low, a large current flows through 

this path. This large current will blow the fuse in R-phase and isolate the faulty line R. This will 

protect the system from the harmful effects of the fault. One important feature of grounded 

neutral is that the potential difference between the live conductor and ground will not exceed the 

phase voltage of the system i.e. it will remain nearly constant.  

 

Advantages of Neutral Grounding  

The following are the advantages of neutral grounding  

(i) Voltages of the healthy phases do not exceed line to ground voltages i.e. they remain nearly 

constant.  

(ii) The high voltages due to arcing grounds are eliminated. 

(iii) The protective relays can be used to provide protection against earth faults. In case earth 

fault occurs on any line, the protective relay will operate to isolate the faulty line.  

(iv) The over voltages due to lightning are discharged to earth.  

(v) It provides greater safety to personnel and equipment.  

( vi ) It provides improved service reliability.  

(vii) Operating and maintenance expenditures are reduced 
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Methods of Neutral Grounding  

The methods commonly used for grounding the neutral point of a 3-phase system are : 

( i ) Solid or effective grounding  

( ii ) Resistance grounding  

(iii) Reactance grounding  

(iv) Peterson-coil grounding  

The choice of the method of grounding depends upon many factors including the size of the  

system, system voltage and the scheme of protection to be used.  

(i)Solid Grounding 

 When the neutral point of a 3-phase system (e.g. 3- phase generator, 3-phase transformer 

etc.) is directly connected to earth (i.e. soil) through a wire of negligible resistance and reactance, 

it is called solid grounding or effective grounding. Fig. shows the solid grounding of the neutral 

point. Since the neutral point is directly connected to earth through a wire, the neutral point is 

held at earth potential under all conditions. Therefore, under fault conditions, the voltage of any 

conductor to earth will not exceed the normal phase voltage of the system. 

 
Advantages  

The solid grounding of neutral point has the following advantages:  

(i) The neutral is effectively held at earth potential.  

(ii)When earth fault occurs on any phase, the resultant capacitive current IC is in phase 

opposition to the fault current IF . The two currents completely cancel each other. Therefore, no 

arcing ground or over-voltage conditions can occur. 

(iii)When there is an earth fault on any phase of the system, the phase to earth voltage of the 

faulty phase becomes zero. 

(iv) It becomes easier to protect the system from earth faults which frequently occur on the 

system. When there is an earth fault on any phase of the system, large fault current flows 

between the fault point and the grounded neutral. This permits the easy operation of earth fault  

relay.  

Disadvantages   

The following are the disadvantages of solid grounding : 

(i) Since most of the faults on an overhead system are phase to earth faults, the system has to 

bear a large number of severe shocks. This causes the system to become unstable.  
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(ii) The solid grounding results in heavy earth fault currents. Since the fault has to be cleared by 

the circuit breakers, the heavy earth fault currents may cause the burning of circuit breaker 

contacts.  

(iii) The increased earth fault current results in greater interference in the neighboring 

communication lines.  

Applications  

Solid grounding is usually employed where the circuit impedance is sufficiently high so 

as to keep the earth fault current within safe limits. This system of grounding is used for voltages 

up to 33 kV with total power capacity not exceeding 5000 kVA. 

(ii)Resistance Grounding  

In order to limit the magnitude of earth fault current, it is a common practice to connect 

the neutral point of a 3-phase system to earth through a resistor. This is called resistance 

grounding. When the neutral point of a 3-phase system (e.g. 3-phase generator, 3- phase 

transformer etc.) is connected to earth (i.e. soil) through a resistor, it is called resistance 

grounding. Fig.shows the grounding of neutral point through a resistor R . The value of R should 

neither be very low nor very high. If the value of earthing resistance R is very low, the earth fault 

current will be large and the system becomes similar to the solid grounding system. On the other 

hand, if the earthing resistance R is very high, the system conditions become similar to 

ungrounded neutral system. The value of R is so chosen such that the earth fault current is 

limited to safe value but still sufficient to permit the operation of earth fault protection system. In 

practice, that value of R is selected that limits the earth fault current to 2 times the normal full 

load current of the earthed generator or transformer. 

 
Advantages  

The following are the advantages of resistance earthing:  

i)The earth fault current is small due to the presence of earthing resistance. Therefore, 

interference with communication circuits is reduced.  

ii)It improves the stability of the system.  

Disadvantages  

The following are the disadvantages of resistance grounding  
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(i) Since the system neutral is displaced during earth faults, the equipment has to be insulated for 

higher voltages.  

(ii)This system is costlier than the solidly grounded system.  

(iii)A large amount of energy is produced in the earthing resistance during earth faults. 

Sometimes it becomes difficult to dissipate this energy to atmosphere.  

Applications  

It is used on a system operating at voltages between 2.2 kV and 33 kV with power source 

capacity more than 5000 kVA. 

(iii)Reactance Grounding 

 

 
 

In this system, a reactance is inserted between the neutral and ground as shown in Fig. 

The purpose of reactance is to limit the earth fault current. By changing the earthing reactance, 

the earth fault current can to changed to obtain the conditions similar to that of solid grounding. 

This method is not used these days because of the following. 

Disadvantages  

( i) In this system, the fault current required to operate the protective device is higher than that of 

resistance grounding for the same fault conditions.  

(ii)High transient voltages appear under fault conditions. 

(iv) Arc Suspension Grounding (Or Resonant Grounding)  

 We have seen that capacitive currents are responsible for producing arcing grounds. 

These capacitive currents flow because capacitance exists between each line and earth. If 

inductance L of appropriate value is connected in parallel with the capacitance of the system, the 

fault current IF flowing through L will be in phase opposition to the capacitive current IC of the 

system. If L is so adjusted that IL= Ic then resultant current in the fault will be zero. This 

condition is known as resonant grounding. When the value of L of arc suppression coil is such 

that the fault current IF exactly balances the capacitive current Ic, it is called resonant grounding. 
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Advantages  

The Peterson coil grounding has the following advantages:  

(i) The Peterson coil is completely effective in preventing any damage by an arcing ground.  

(ii) The Peterson coil has the advantages of ungrounded neutral system.  

Disadvantages  

The Peterson coil grounding has the following disadvantages. 

(i) Due to varying operational conditions, the capacitance of the network changes from time to 

time. Therefore, inductance L of Peterson coil requires readjustment.  

(ii) The lines should be transposed. 

 

HVDC Transmission System 

 The massive transmission of electricity in the form of DC over long distances by 

means of submarine cables or overhead transmission line is the high voltage direct current 

transmission. This type of transmission is preferred over HVAC transmission for very long 

distance when considering the cost, losses and many other factors. The names Electrical 

superhighway or Power superhighway are often used for HVDC. 

 We know that AC power is generated in the generating station. This should first be 

converted into DC. The conversion is done with the help of rectifier. The DC power will flow 

through the overhead lines. At the user end, this DC has to be converted into AC. For that 

purpose, an inverter is placed at the receiving end. 

 Thus, there will be a rectifier terminal in one end of HVDC substation and an inverter 

terminal in the other end. The power of the sending end and user end will be always equal (Input 

Power = Output Power). 
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 When there are two converter stations at both ends and a single transmission line is 

termed as two terminal DC systems. When there are two or more converter stations and DC 

transmission lines is termed as multi-terminal DC substation. 

 

The components of the HVDC Transmission system and its function are explained below. 

Converters: The AC to DC and DC to AC conversion are done by the converters. It includes 

transformersand valve bridges. 

Smoothing Reactors: Each pole consist of smoothing reactors which are of inductorsconnected in 

series with the pole. It is used to avoid commutation failures occurring in inverters, reduces 
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harmonics and avoids discontinuation of current for loads. 

Electrodes: They are actually conductors which are used to connect the system to the earth. 

Harmonic Filters: It is used to minimize the harmonics in voltage and current of the converters 

used. 

DC Lines: It can be cables or overhead lines. 

Reactive Power Supplies: The reactive power used by the converters could be more than 50% of 

the total transferred active power. So the shunt capacitors provide this reactive power. 

AC Circuit Breakers: The fault in the transformer is cleared by the circuit breakers. It also used 

to disconnect the DC link. 

The classification (types) of HVDC links. 

Mono Polar Links 

Single conductor is required and water or ground act as the return path. If the earth 

resistivity is high, metallic return is used. 

 
Bipolar Links 

Double converters of same voltage rating are used in each terminal. The converter junctions are 

grounded. 
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Homo Polar Links 

It consists of more than two conductors which is having equal polarity generally negative. 

Ground is the return path. 

 

 
Comparison of both HVAC and HVDC Transmission System 

HVDC Transmission System HVAC Transmission System 

Low losses. Losses are high due to the skin effect and corona 

discharge 

Better Voltage regulation and Control 

ability. 

Voltage regulation and Control ability is low. 

Transmit more power over a longer 

distance. 

Transmit less power compared to a HVDC system. 

Less insulation is needed. More insulation is required. 

Reliability is high. Low Reliability. 

Asynchronous interconnection is 

possible. 

Asynchronous interconnection is not possible. 

Reduced line cost due to fewer 

conductors. 

Line cost is high. 

Towers are cheaper, simple and narrow. Towers are bigger compared to HVDC. 

 

Economic Distance for HVDC transmission lines 

DC lines are cheaper than the AC lines, but the cost of DC terminal equipment is very 

high as compared to AC terminal cables (shown in the graph below). Thus, the initial cost is high 

in HVDC transmission system, and it is low in the AC system. 
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The point where two curves meet is called the breakeven distance. Above the breakeven 

distance, the HVDC system becomes cheaper. Breakeven distance changes from 500 to 900 km 

in overhead transmission lines. 

 

Advantages of HVDC transmissions 

1.  A lesser number of conductors and insulators are required thereby reducing the cost of the 

overall system. 

2. It requires less phase to phase and ground to ground clearance. 

3. Their towers are less costly and cheaper. 

4. Lesser corona loss is less as compared to HVAC transmission lines of similar power. 

193

EnggTree.Com

Downloaded from EnggTree.com



5. Power loss is reduced with DC because fewer numbers of lines are required for power 

transmission. 

6. The HVDC system uses earth return. If any fault occurs in one pole, the other pole with ‘earth 

returns’ behaves like an independent circuit. This results in a more flexible system.  

7. The HVDC has the asynchronous connection between two AC stations connected through an 

HVDC link; i.e., the transmission of power is independent of sending frequencies to receiving 

end frequencies. Hence, it interconnects two substations with different frequencies. 

8. Due to the absence of frequency in the HVDC line, losses like skin effect and proximity effect 

does not occur in the system. 

9. It does not generate or absorb any reactive power. So, there is no need for reactive power 

compensation. 

10. The very accurate and lossless power flows through DC link. 

Disadvantages of HVDC transmission 

1. Converter substations are placed at both the sending and the receiving end of the transmission 

lines, which result in increasing the cost. 

2. Inverter and rectifier terminals generate harmonics which can be reduced by using active filters 

which are also very expensive. 

3. If a fault occurs in the AC substation, it may result in a power failure for the HVDC substation 

placed near to it 

4. Inverter used in converter substations have limited overload capacity. 

5. Circuit breakers are used in HVDC for circuit breaking, which is also very expensive. 

6. It does not have transformers for changing the voltage levels. 

7. Heat loss occurs in converter substation, which has to be reduced by using the active cooling 

system. 

8. HVDC link itself is also very complicated. 

Conclusion 

Considering all the advantages of DC, it seems that HVDC lines are more proficient than 

AC lines. But, the initial cost of HVDC substation is very high and their substation equipment is 

quite complicated.Thus, for long distance transmission it is preferable that power is generated in 

AC, and for transmission, it is converted into DC and then again converted back into AC for 

final use. This system is economical and also improves the efficiency of the system. 

 

Application of HVDC Transmission 

 Undersea and underground cables 

 AC network interconnections 

 Interconnecting Asynchronous system 
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FACTS 

 FACTS is an Flexible Alternating Current Transmission System.Dr.Narain.G.Hingorani 

is a father of facts concept. Facts devices are used to provide controllability, stability and power 

transfer capability of AC transmission system. 

Flexible AC Transmission System (FACTS) is an integrated concept based on power 

electronic switching converters and dynamic controllers to enhance the system utilization and 

power transfer capacity as well as the stability, security, reliability and power quality of AC 

system interconnections. FACTS is a collection of thyristor-based controllers, including phase 

shifters, advanced static VAR compensator, dynamic brake, modulator series capacitor, load tap 

changer, fault current limiter, and perhaps other that have yet to be invented. 

Objectives of FACTS 

1. Rapid control of reactive power flow. 

2. Improves the voltage profile 

3. Secure loading of lines. 

4. Improve power transfer capability. 

Advantages of FACTS 

1. Improves transient Stability and Dynamic stability 

2. Improved steady state stability 

3. Reduced financial costs 

4. Increase the system security 

5. Improve power transfer capability. 

6. Reduces power system oscillations 

 

STATIC VAR COMPENSATOR(SVC) 

Static VAR Compensator (SVC) The Static VAR Compensator (SVC) is a shunt device 

of the Flexible AC Transmission Systems (FACTS) family using power electronics to control 

power flow and improve transient stability on power grids. The SVC regulates voltage at its 

terminals by controlling the amount of reactive power injected into or absorbed from the power 

system. When system voltage is low, the SVC generates reactive power (SVC capacitive). When 

system voltage is high, it absorbs reactive power (The variation of reactive power is performed 

by switching three-phase capacitor banks and inductor banks connected on the secondary side of 

a coupling transformer. Each capacitor bank is switched on and off by three thyristor switches 

(Thyristor Switched Capacitor or TSC). Reactors are either switched on-off (Thyristor Switched 

Reactor or TSR) or phase-controlled (Thyristor Controlled Reactor or TCR). 

This device provides reactive power quickly to HV transmission lines thus enhancing the  

line performance.  The word “static” indicates that it has no moving part such as circuit  

breakers.  This SVC device was designed for impedance matching so that power system come 

closer to unity power factor. If the reactive load of power system is leading, the SVC will 

consume VARs mainly using thyristor controlled reactors, however if the load is lagging, the 

capacitor banks are switched in automatically offering greater control of system voltage.  
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A SVC is an electrical device for providing fast acting reactive power on high-voltage 

electricity transmission networks. SVCs are part of the FACTS device family and regulating 

voltage and stabilizing the system. Unlike a synchronous condenser which is a rotating electrical 

machine a SVC has no significant moving parts and prior to the invention of the SVC power 

factor compensation was the preserve of large rotating machines such as synchronous condensers 

or switched capacitor banks. The SVC is an automated impedance matching device designed to 

bring the system closer to unity power factor. SVCs are used in two main situations: Connected 

to the power system, to regulate the transmission voltage. Connected near large industrial loads, 

to improve power quality. In transmission applications the SVC is used to regulate the grid 

voltage. If the power system’s reactive load is capacitive (leading) the SVC will use thyristor 

controlled reactors to consume vars from the system lowering the system voltage. Under 

inductive (lagging)conditions the capacitor banks are automatically switched on thus providing a 

higher system voltage and by connecting the thyristor-controlled reactor which is continuously 

variable along with a capacitor bank step and the net result is continuously-variable leading or 

lagging power. In industrial applications SVCs are typically placed near high and rapidly varying 

loads such as arc furnaces where they can smooth flicker voltage. 

Static Compensator (STATCOM)  

A STATCOM or static Compensator is a shunt connected device used on AC 

transmission systems and is a good alternative of conventional static VAR  compensator. It 

belongs to the second generation of FACTS family and is based on power electronics voltage 

source converters (VSC). As it is connected in parallel   it is also called shunt connected 

controller. The output current of STATCOM can be  regulated  autonomously without any regard 
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for the system  voltage,  independent  of  the  detail  that  it is  inductive or  capacitive.  Usually 

it is used  to support  voltage regulation and in power networks of reduced power factor. It can 

provides dynamic stability and active AC power when connected to source, but most commonly 

it is used to provide voltage stability in power system. Figure shows circuit diagram of static 

compensator (STATCOM) without energy storage. 

 

The STATCOM (or SSC) is a shunt-connected reactive-power compensation device that 

is capable of generating and/ or absorbing reactive power and in which the output can be varied 

to control the specific parameters of an electric power system. It is in general a solid-state 

switching converter capable of generating or absorbing independently controllable real and 

reactive power at its output terminals when it is fed from an energy source or energy-storage 

device at its input terminals. Specifically, the STATCOM considered is a voltage-source 

converter that, from a given input of dc voltage, produces a set of 3-phase ac-output voltages, 

each in phase with and coupled to the corresponding ac system voltage through a relatively small 

reactance (which is provided by either an interface reactor or the leakage inductance of a 

coupling transformer). The dc voltage is provided by an energy-storage capacitor and a 

STATCOM can improve power-system performance in such areas as the following. 

1. The dynamic voltage control in transmission and distribution systems  

2. The power-oscillation damping in power-transmission systems  

3. The transient stability  

4. The voltage flicker control. 
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5. The control of not only reactive power but also (if needed) active power in the connected line, 

requiring a dc energy source.  

Advantages of STATCOM  

1. It occupies a small footprint, for it replaces passive banks of circuit elements by compact 

electronic converters.  

2. It offers modular, factory-built equipment, thereby reducing site work and commissioning 

time. 

3. It uses encapsulated electronic converters, thereby minimizing its environmental impact. 

 

Thyristor Controlled Series Capacitor (TCSC)   

TCSC is a power electronic based system and Thyristor Switched Capacitor is connected 

in series with a bidirectional thyristor valve. The TCSC can control power flow, mitigate sub-

synchronous resonance, improve transient stability, damp out power system oscillations resulting 

increase of power transfer capability. A single diagram of TCSC shows two modules connected 

in series and there can be one or more module depending on the requirement to reduce the costs 

and TCSC may be used in conjunction with fixed series capacitors. Nowadays TCSC is being 

included in some of the transmission systems and the basic circuit of a TCSC in one of the phase 

is shown in the fig.controls the current through the reactor. The forward-looking thyristor has 

firing angle 90 – 180 and firing the thyristors at this time results in a current flow through the 

inductor that is opposite to the capacitor current and in this loop current increases the voltage 

across the capacitor. Further the loop current increases as firing angle decreases from 180. The 

different compensation levels are obtained by varying the firing angle of the reactor-circuit-

thyristor. 

APPLICATION OF TCSC: 

Thyristor-controlled series capacitors (TCSCs) can be used for several power system 

performance enhancements, namely, the improvement in system stability, the damping of power 

oscillations, the alleviation of sub synchronous resonance (SSR), and the prevention of voltage 

collapse. The effectiveness of TCSC controllers is dependent largely on their proper placement 

within the carefully selected control signals for achieving different functions. Although TCSCs 

operate in highly nonlinear power-system environments, linear-control techniques are used 

extensively for the design of TCSC controllers. 
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UNIFIED POWER FLOW CONTROLLER (UPFC) 

The UPFC is the most versatile member of FACTS family using power electronics to 

control power flow on power grids. The UPFC uses a combination of a shunt controller 

(STATCOM) and a series controller (SSSC) interconnected through a common DC bus.This 

FACTS topology provides much more flexibility than the SSSC for controlling the line active 

and reactive power because active power can now be transferred from the shunt converter to the 

series converter through the DC bus.It can independently and very rapidly control both real- and 

reactive power flows in a transmission.One VSC converter 1 is connected in shunt with the line 

through a coupling transformer; the other VSC converter 2 is inserted in series with the 

transmission line through an interface transformer. The dc voltage for both converters is 

provided by a common capacitor bank.In this process, the series converter exchanges both real 

and reactive power with the transmission line. Although the reactive power is internally 

generated/ absorbed by the series converter, the real-power generation/ absorption is made 

feasible by the dc-energy–storage device that is, the capacitor. The shunt-connected converter 1 

is used mainly to supply the real-power demand of converter 2, which it derives from the 

transmission line itself. The shunt converter maintains constant voltage of the dc bus. Thus the 

net real power drawn from the ac system is equal to the losses of the two converters and their 

coupling transformers. In addition, the shunt converter functions like a STATCOM and 

independently regulates the terminal voltage of the interconnected bus by generating/ absorbing a 

requisite amount of reactive power. 
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VOLTAGE CONTROL METHODS 

The voltage of the power system may vary with the change in load. The voltage is normally 

high at light load and low at the heavy-load condition. For keeping the voltage of the system in 

limits, some additional equipment requires which increase the system voltage when it is low and 

reduces the voltage when it is too high. The following are the methods used in the power system 

for controlling the voltage. 

1. On – Load Tap Changing Transformer 

2. Off – Load Tap Changing transformer 

3. Shunt Reactors 

4. Synchronous Condenser 

5. Shunt Capacitor 

6. Static VAR System (SVS) 

Controlling the system voltage by the help of shunt inductive element is known as shunt 

compensation. The shunt compensation is of two types, i.e., the static shunt compensation and 

the synchronous compensation. In static shunt compensation, the shunt reactor, shunt capacitor 

and static VAR system are used, whereas the shunt compensation uses the synchronous phase 

modifier. The methods used for controlling the voltage are explained below in details. 

Voltage Control by Tap changing in transformers: 

The voltage control of transmission and distribution systems is obtained basically by tap-

changing Tap changers are either on-load or off load tap changers. By changing the turns ratio of 

the transformer the voltage ratio and the secondary voltage is changed and voltage control is 

obtained. Tap changing is widely used voltage control method employed at every voltage level. 
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1. Off – Load Tap Changing Transformer – In this method, the voltage is controlled by 

changing the turn ratio of the transformer. The transformer is disconnected from the supply 

before changing the tap. The tap changing of the transformer mostly donemanually. 

 

2. On – Load Tap Changing Transformer – This arrangement is used for changing the turn 

ratio of the transformer for regulating the system voltage when the transformer delivers the load. 

Most of the power transformer is provided with on-load tap changer. 

 

3. Shunt Reactor – The shunt reactor is the inductive current element which is connected 

between the line and neutral. The shunt reactor compensates the inductive current from 

the transmission line or underground cables. It is mainly used in the long distance EHV and 

UHV transmission lines for reactive power control.The shunt reactors are used in the sending 

end substation, receiving end substation and in the intermediate substation of long EHV and 

UHV line. In the long transmission line, the shunt reactor is connected at the distance of 300 Km 

to limit the voltage at an intermediate point. 
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4. Shunt Capacitors – The shunt capacitors are the capacitors connected in parallel with the 

line. It is installed at the receiving end substation, distribution substations and in the switching 

substations. The shunt capacitor injected the reactive volt-ampere to the line. It is placed in the 

three phase bank. 

5. Synchronous Condenser – The synchronous condenser is the synchronous motor running 

without a mechanical load. It is connected with the load at receiving the end of the line. The 

synchronous condenser absorbs or generates the reactive power by varying the excitation of the 

field winding. It keeps the voltage constant at any condition of the load and also improves 

the power factor. 

 

6. StaticVar Systems (SVS) – The static VAR compensator inject or absorb the inductive VAR 

to the system when the voltage becomes higher or lower than the reference value. In static VAR 

compensator, the thyristor is used as switching device in place of circuit breakers. Nowadays, the 

thyristor switching is used in the system in place of mechanical switching because thyristor 

switching is faster and provides transient free operation by controlling the switching. 

 

202

EnggTree.Com

Downloaded from EnggTree.com

https://circuitglobe.com/power-factor.html
https://circuitglobe.com/circuit-breaker.html


METHODS OF POWER FACTOR IMROVEMENT 

Power Factor Improvement 

The term power factor comes into picture in AC circuits only. Mathematically it is cosine of the 

phase difference between source voltage and current. It refers to the fraction of total power 

(apparent power) which is utilized to do the useful work called active power. 

Power factor = Active Power/Apparent Power 

Need for Power Factor Improvement 

 Real power is given by P = VIcosφ. To transfer a given amount of power at certain voltage, 

the electrical current is inversely proportional to cosφ. Hence higher the pf lower will be the 

current flowing. A small current flow requires less cross sectional area of conductor and 

thus it saves conductor and money. 

 From above relation we saw having poor power factor increases the current flowing in 

conductor and thus copper loss increases. Further large voltage drop occurs 

in alternator, electrical transformer and transmission and distribution lines which gives 

very poor voltage regulation. 

 Further the KVA rating of machines is also reduced by having higher power factor as, 

Hence, the size and cost of machine also reduced. So, electrical power factor should be 

maintained close to unity. 

Methods of Power Factor Improvement 

Capacitors: 

  Improving power factor means reducing the phase difference between voltage and 

current. Since majority of loads are of inductive nature, they require some amount of reactive 

power for them to function. This reactive power is provided by the capacitor or bank of 

capacitors installed parallel to the load. They act as a source of local reactive power and thus less 

reactive power flows through the line. Basically they reduces the phase difference between the 

voltage and current. 
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 SynchronousCondenser: 

  They are 3 phase synchronous motor with no load attached to its shaft. The synchronous 

motor has the characteristics of operating under any power factor leading, lagging or unity 

depending upon the excitation. For inductive loads, synchronous condenser is connected 

towards load side and is overexcited. This makes it behave like a capacitor. It draws the 

lagging current from the supply or supplies the reactive power. 

 
 PhaseAdvancer: 

  This is an ac exciter mainly used to improve pf of induction motor. They are mounted on 

shaft of the motor and is connected in the rotor circuit of the motor. It improves the power 

factor by providing the exciting ampere turns to produce required flux at slip frequency. 

Further if ampere turns are increased, it can be made to operate at leading power factor. 
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