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UNIT I - ELECTRIC DRIVES AND TRACTION 

PART A 

1. What is meant by electrical drives? 

Systems employed for motion control are called "Drives" and many 

employ any of the prime movers such as, diesel or petrol engines, gas or 

steam turbines, hydraulic motors and electric motors for supplying mechanical 

energy for motion control. Drives employing electrical motors are known as 

"Electrical drives". 

2. What are the applications of electrical drives? 

1. Paper mills 

2.Electric traction 

3.Cement mills 

4.Steel mills 

3. What are the advantages of electric drives? 

i. flexible control 

ii. Drives can be provided with automatic fault detection systems 

iii. They are available in wide range of torque, speed and power. 

iv. It can operate in all the four quadrants of speed-torque plane 

4. Mention the different factors for the selection of electric drives. 

[May2013 & 2014] 

1. Steady state operation requirements 

2. Transient operation requirements 

3. Requirements related to the source 

4. Capital and running cost, maintenance needs, life 

5. Environment and location 

6. Reliability 

5. What are the parts of electrical drives? [May 2014] 

1. Electrical motors and load 

2.Power modulator 

3.Sources 

4. Control unit 

5. Sensing unit 

6. What are the advantages of electric traction system? [Dec 2013] 
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1. In electric traction electric motors are used as the drives, the system is 
 

clean and pollution free and it has high starting torque therefore high 

acceleration is possible. 

2. Electric traction is most suitable for urban and suburban areas where 

frequent starting and stopping and high schedule speeds are required. 

3. The coefficient of adhesion is high, therefore for the same tractive effort 

electric locomotives are lighter and hence higher speeds on gradients are 

possible. 

4. Over loading of electric motors is possible. 

5. Centre of gravity of electric locomotive is lower than that of steam 

locomotive. 

7. Define tractive effort in traction system? [Dec2013][May 2012] 

It is an effective force on the wheel of a locomotive which is required 

for its propulsion. The tractive effort is a vector quantity and it is tangential to 

wheel. It is measured in Newton. 

8. Write the formula for tractive effort of an electric train? [April 2014] 

The tractive effort is given by 

Ft =Fa + Fg + Fr Where Fa = Force to overcome linear or angular motion, 

Fg = Force to overcome effect of gravity, 

Fr = Tractive effort to overcome the frictional resistance. 

9. What are the disadvantages of electric traction [May 2013] 

1. High capital cost, 

2. Problem of supply failure, 

3. Additional equipment is required for achieving electric braking and control, 

4. The leakage of current from the distribution mains and drop of volts in the 

track are to be kept within the prescribed limits. 

5. The electrically operated vehicles have to move on guided track only. 

10. What are the recent trends in electric traction? [April 2014] 

1. Development of practical electric vehicles has been completed. 

2. Motor selection becomes clear. 

3. Battery trend becomes also clear. 

4. Components are almost completed. 

11. Define crest speed of a train? [Dec 2012] 

It is the maximum speed of train, which affects the schedule speed as 

for fixed acceleration, retardation, and constant distance between the stops. If 
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the crest speed increases, the actual running time of train decreases. The 

high crest speed of train will increases its schedule speed. 

12. What are the requirements for an electric traction system? [Dec 2012] 

The coefficient of adhesion should be high, so that high tractive effort 

at start is possible and rapid acceleration of the train can be obtained. It 

should be possible to overload the equipment for short periods. It should be 

pollution free. The locomotive or train unit should be self contained. It should 

be possible to use regenerative braking. 

13. What are the features of electric traction? [May 2012] 

High starting torque 

Less maintenance cost 

Cheapest method of cost 

Free from smoke and flue gases 

Rapid acceleration and braking 

Coefficient of adhesion is better 

14. What is average speed? 

It is the mean speed maintained by a train during a run and is given by 

 
Average Speed = 

Distance between stopsin Km 

Actual time of  run in hr Stop time in hr 

 

PART B 

1. What are all the Factors influencing choice of electrical drives? Explain. 

There are certain factor that governs or influences, the selection choice 

electrical drives. They are: 

1. Availability of Electrical Supply 

The electric drive is a drive system with electrical motor as a prime mover. 

The selection of electrical drive is based on the availability of electrical supply. 

There are three-types electrical supplies, namely AC supply, DC supply, and 

Rectified DC supply. If AC supply is available. Then AC drive is selected motor. 

An AC drive consists of AC motor as a drive motor .If DC supply is available, then 

DC drive is selected .DC drive consist of DC motor as a drive motor. Hence 

nature of electrical supply available governs selection of electric drive. 
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2. Nature of Operation characteristics of Electric drive motors 

The electric drive motor has different types of operating characteristics such 

as 

1) Starting characteristics 

2) Running characteristics 

3) Speed control characteristics 

4) Braking characteristics 

For example the running characteristic of electric drive motor shows how the 

motor behaves where it is loaded .In some cases if the load is increased , the 

speed of the motor is drastically reduced .so such motors are not selected for 

constant speed applications. 

3. Economic Consideration 

The electrical motor is selected based on two economic considerations, 

namely 

a) Initial cost: 

The initial cost is nothing out capital cost. This is the cost occurred during 

purchase and erection. 

b) Running cost : 

This is the cost running the electric drive E.G. maintenance cost, fuel cost etc. 

4. Type of the Drive system 

Type of the Drive system available also governs the choice of electric motor. 

There are three types of drive system namely Group drive, Individual diver and 

Multi motor drive. Assume that at any particular location, different small loads are 

available. Since the loads are separate unit, it can be driven by single large motor 

(group drive). So here a DC motor or an AC motor is selected with huge HP 

rating. 

5. Types of Load 

The type of load available, also governs the selection of electric drive. 

Generally the loads are classified based on the Torque characteristics .Torque is 

the twisting force required to drive (rotate) the load, based on the Torque 

characteristics loads are classified as follows. 

1. Load requiring constant Torque with speed 

2. Load requiring increasing Torque with speed 

3. Load requiring high starting Torque (high inertia load) 
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Assume that load cannot with high inertia available .This high inertia loads 

cannot be accelerated or decelerated quickly .They require high starting Torque. 

Therefore motor with high starting torque such as DC series or three phase slip 

ring induction motor is selected. Thus type of load influence the choice of electric 

motor. 

6. Mechanical considerations 

(i) Type of enclosure 

(ii) Type of bearings 

(iii) Type of Transmission devices 

7. Environmental Considerations 

(i) Noise pollution 

(ii)Environmental Pollution 

8. Load – With standing Capability of motors 

The size and rating required for the drive motor influence the selection of the 

electric drive motor. The size of the motor describes load- withstanding capability 

.when the motor is loaded, the line current drawn by the motor increases. As a 

result losses increases and more heat is developed. If the heat is hot dissipated 

then insulation in the motor fails leading to complete breakdown of the motor. 

Here duty cycle of the load and the Torque requirement are important factors in 

deciding size and rating of the motor. 

2. What are the various types of electric braking used in traction? Discuss in 

detail. [May 2012, Dec 2012, May 2015] 

Braking: 

 Braking is very frequent in electric drives to stop a motor in a reasonably 

short time. 

 For example a planar must quickly be stopped at the end of its stroke and 

sometimes must quickly be stopped at the end of its stroke and sometimes it 

is necessary to stop the motor in order to prevent accident 

There are two types of braking: 

Mechanical braking: 

The motor in this case is stopped due to friction between the moving part 

of the motor and the brake shoe that is stored energy is dissipated as heat by a 

brake shoe or brake lining which rubs against a brake shoe or brake lining which 

rubs against a brake drum. 
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Electrical braking: 

In this method of braking, the kinetic energy of the moving parts that is 

motor is converted into electrical energy which is consumed in a resistance as 

heat or alternatively it is returned to the supply source. 

 During braking operation a motor has to function as a generator. 

 The motor can be held at stand still. In other words the electric braking 

cannot hold the motor at rest. 

 Thus it becomes essential to provide mechanical brakes in addition to 

electric braking. 

Various types of electrical braking are: 

a) Plugging 

b) Rheostatic braking 

c) Regenerative braking 

Plugging: 

 
 This is a simple method of electric braking and consists in reversing the 

connections of the armature of the motor so as to reverse its direction of 

rotation which will oppose the original direction of rotation of the motor and will 

bring it to zero speed when mechanical brakes can be applied. 

 
 
 
 
 
 
 
 
 
 
 

Machine operates as motor during Plugging 
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Machine operates as generator during Plugging 

 At the end of the braking period the supply to the motor is automatically cut 

off. 

 This method of braking can be applied to the following motors. 

1) DC motors 

2) Induction motors 

3) Synchronous motors 

 
Plugging applied to DC motors: 

 To reverse a DC motors, it is necessary to reverse the connections of the 

armature while the connections of the field are kept the same. 

 The direction of m.m.f remains the same even during braking periods. 

 
Series motors: 

 Total voltage of V+ Eb is available across the armature terminals which 

causes a current I to flow around the circuit. 

 When Eb = V then the voltage across the armature is 2V and at the time of 

braking twice the normal voltage is applied to the resistance in series with the 

armature at this time in order to limit the current. 

 While the motor is being braked, the current is still being drawn from the 

supply. 

 This method requires energy from the supply for its action and not only the 

kinetic energy of the motor is being wasted, but this energy is also being 

dissipated. 

Speed and braking torque 

Electric braking to torque 

TB α ФI ------------------------------- (1) 
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TB = K ФI ---------------------------- (2) 

Where K is a constant 

Current = V+ Eb/ R ------------------ (3) 

Eb= K1N Ф -------------------------- (4) 

N is the speed 

K1 is a constant 

Rheostatic braking 

Consider a d.c shunt motor operating from a d.c supply with the switch 

S connected to position 1 as shown in figure. S is a single pole double throw 

switch and can be connected either to position 1 or to position 2. One end of 

an external resistance Rb is connected to position 2 of the switch S as shown. 

Let with S in position 1, motor runs at n rpm, drawing an armature 

current Ia and the back emf is Note the polarity of Eb which, as 

usual for motor mode in opposition with the supply voltage. Also note Te and 

n have same clockwise direction. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Now if S is suddenly thrown to position 2 at t = 0, the armature gets 

disconnected from the supply and terminated by Rb with field coil remains energized 

from the supply. Since speed of the rotor cannot change instantaneously, the back 

emf value Eb is still maintained with same polarity prevailing at t = 0-. Thus at t = 0+, 
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armature current will be Ia = Eb/(ra + Rb) and with reversed direction compared to 

direction prevailing during motor mode at t = 0- Obviously for t > 0, the machine is 

operating as generator dissipating power to Rb and now the electromagnetic torque 

Te must act in the opposite direction to that of n since Ia has changed direction but 

has not As time passes after switching, n decreases reducing 

K.E and as a consequence both Eb and Ia decrease. In other words value of braking 

torque will be highest at t = 0+, and it decreases progressively and becoming zero 

when the machine finally come to a stop. 

Regenerative braking: 

 
 
 
 
 
 
 
 

 
This method is better than the first and second methods of braking since 

no energy is wasted and rather it is supplied back to the system. This method is 

applicable to following motors: 

1) D.C motors 

2) Induction motors 

 
D.C motors: 

Shunt motor: 

In a DC machine where energy will be taken from the supply or delivered 

to it depends upon the induced e.m.f, if it in less than the line voltage the machine 

will operate as motor and if it is more than the line voltage, the machine will 

operate as generator. 

The e.m.f induced in turn depends upon the speed and excitation that is 

when the field current or the speed is increased the induced e.m.f exceeds the 

line voltage and the energy will be field into the system. This will quickly decrease 

the speed of the motor and will bring it to rest. 

Series motor: In this case, complications arise due to fact that the reversal of the 

current in the armature would cause a reversal of polarity of the series field. 
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In the case of induction motors, the regenerative braking is inherent, since 

an induction motor act as a generator when running at speeds above 

synchronous speeds and it feeds power back to the supply system. No extra 

auxiliaries are needed for this purpose. 

This method is however very seldom used for braking but its application is 

very useful to lifts and hoists for holding a descending load at a speed only 

slightly above the synchronous speed. 

 

3. (i) Explain about multi-motor speed control. [April 2014/April 2015] 

flowing on account of short circuiting of a section of the winding of the 

transformer between the tappings. 

Preventive coil is inserted between the terminals of two groups 

consisting of tapings 1,3,5 and 2,4,6 as shown in figure. The motor is 

connected to the centre point of the preventive coil. Two contractors 

connected to the adjacent tappings (1 and 2 or 2 and 3 or 3 and 4 or 4 and 5 

or 5 and 6) are closed on each notch of the controller. Each contractor carries 

approximately one half of the total current required. For changing over voltage 

Speed Control Methods: 

Single phase AC series motors. 

The control of speed and torque of a single phase AC motor is done by 

varying the applied voltage. Since no rheostats are used for starting, there is no 

loss of power during the starting period. A transformer provided with a number of 

taps on the secondary is used. Each control point becomes a running point. The 

regulation of voltage is affected by the contactor method of tap changing as 

shown in dig below, 

A preventive coil is employed for reducing the circulating current 



EE6801- Electric Energy Generation, Utilization and Conservation Department of EEE 2016-2017 

12 

 

 

1. Rheostatic Control 

2. Pole changing control 

3. Cascade control 

4. Combination of cascade and pole changing control. 

Types of motors: 

D.C series motor. 

A.C series motor. 

3Φ Induction motor. 

Speed controlling techniques: 

1. D.C series motor. 

Rheostatic control. 

Series parallel control. 

Field control. 

Buck and Boost control. 

Metadyne control. 

Thyristor control. 

 
 

from one value to another one contractor is opened and another contractor 

belonging to the same group is closed. 

An important advantage of this method is that each notch provides a 

running position, so that many running speeds are available. They are usually 

provided between 6 and 12 tappings. 

For large capacity traction motors, a large number of contractors are to 

be employed simultaneously so that the current is divided between them and 

each contractor has not to deal more than a pre-specified design value. 

Three phase induction motor: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2. A.C series motor. 

   Tap changing method. 

3. 3Φ Induction motor. 

   Rheostatic control. 

   Pole changing control. 

  Cascade control. 

Combination of cascade and pole changing control. 
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3. (ii) The maximum torque of a 440v, three phase four pole 60c/s IM is 400 N-m 

at a slip of 0.1 If the motor works at 50c/s , 400 V supply, find the maximum 

torque , slip and the speed at which it occurs. Neglect stator impedance. 

[May 2012] 
 
 

 

4. i. Explain various types of electric traction in detail. [April 2014/Dec 

2014/Dec 2012] 

The electric traction may be classified into two categories namely 

1. Non-electric traction systems 

2. Electric traction systems 
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1. Non-electric traction systems: 

Non-electric traction systems, which do not use electricity at any stage.. 

Examples: Steam engine drive used in railways, internal combustion engine 

drive. 

2. Electric traction systems: 

Electric traction systems which involve the use of electricity at some stage. 

Examples: Diesel electric drives, Gas turbine electric drive. 

 
The electric traction systems may further sub divided into the following two 

groups. 

They are 

1. The group consisting of vehicle that receive electric power from a 

distributing network fed at suitable points from a central power station or 

substation. 

Example: 

Tramways, trolley busus. 

2. The group consisting of Self contained locomotives such as diesel electric 

trains, ships, lorries, battery driven road vehicles, etc. 

Here power is applied to the vehicle from an overhead wire suspended above 

the track. 

4. ii) State the requirements of an ideal electric traction system 

[April 2014] 

The requirements of an ideal traction system are 

1. High adhesion coefficient, so that high tractive effort at the start is possible 

to have rapid acceleration. 

2. The locomotive or train unit should be self contained so that it can run on 

any route. 

3. Minimum wear on the track. 

4. It should be possible to overload the equipment for short periods. 

5. The equipment required should be minimum, of high efficiency and low 

initial and maintenance cost. 

6. It should be pollution free. 

7. Speed control should be easy. 
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8. Braking should be such that minimum wear is caused on the brake shoes, 

and if possible the energy should be regenerated and returned to the supply 

during braking period. 

4. iii) List the various sources of Electric traction Electric traction systems 

may be broadly categorized as those operating on: 

1. Alternating current supply 

2. Direct current supply. 

In general following electric traction systems exist: 

a) AC 3 phase 3.7 kV system 

b) AC single phase 15/16 kV -161/25 Hz 

c) AC single phase 20/25 kV - 50/60 Hz 

d) DC 600 V 

e) DC 1200 V 

f) DC 1.5 kV 

g) DC 3 kV. 

 
 

4.iv) State advantage and disadvantage of electric traction. 

Advantages of electric traction: 

The locomotive in which the driving or tractive force is obtained from 

electric motors is called Electric traction. Electric traction has many 

advantages as compared to other non-electrical systems of traction including 

steam traction. Electrical transmission, which is usually applied to high power 

units, has following advantages: 

1. High starting torque 

2. Less maintenance cost 

3. Cheapest method of traction 

4. Free from smoke and flue gases hence used for underground and 

tubular 

railways 

5. Rapid acceleration and braking 

6. Less vibration 

7. Coefficient of adhesion is better 

8. It has great passenger carrying capacity at higher speed. 
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Disadvantages of electric traction: 

1. High capital cost 

2. Problem of supply failure 

3. Additional equipment is required for achieve electric braking and control 

4. The leakage of current from the distribution main and drop of volts in 

the track are to be kept within the prescribed limits. 

5. The electrically operated vehicles have to move on guided track only. 

 
5. Explain the supply system for the electric traction system 

There are three supply systems for Electric Traction. 

1. The DC system 

2. Single phase A.C at low frequency 16 2/3 Hz or 25 Hz and frequency 

50 Hz. 

3. Three phase at normal A.C system. 

(i) D.C system 

The DC motors have better torque-speed characteristics, lower 

maintenance costs, and smaller weight per horse power, better speed control  

and efficient regenerative braking when compared to AC. motors. The supply for 

DC system is fed from a substation consisting of transformer and converting 

equipments like SCRs. The operating voltage may be 1500 IV- or 3000 V DC. 

(ii) Single phase A.C. system 

The single phase A.C supply systems are operated at low frequencies 

bf 16 2/3 Hz or 25 Hz and also at power frequencies (53 Hz). 

The low frequency operation has the following advantages. 

(i) Improves the commutation properties of AC series motor. 

(ii) Improves power factor and efficiency. 

(iii) reduces the line reactance and hence low voltage drops. 

These low frequency supplies are generated by specially designed generators 

or by using frequency convertors and transformers. 

(iii) 3 Phase A.C' system 

Here the supply is drawn directly from the existing 3—phase electric 

network. This system has the following advantages 

(i) No converter equipment is required and hence high efficiency. 

(ii) Induction motor is used which is robust in construction and low initial cost. 



EE6801- Electric Energy Generation, Utilization and Conservation Department of EEE 2016-2017 

17 

 

 

 
 

The induction motor is a constant speed motor hence speed may be 

limited. The general operating voltage is 3300 V and 3600 V. 

 

6.(i) With the aid of transmission of tractive effort, describe the mechanism 

of train movement. 

(i).Speed - time curve 

Speed - time curve shows the variations of speed as function of time. The 

motion of the train can be given as follows. 

(a) Acceleration 

(b) Constant speed (or) free running. 

(c) Coasting (i.e) running with power switched off. There is retardation due to 

the frictional and windage forces. 

(d) Retardation 'due to braking. 

 
The movements decide the shape of the speed-time curve. The slope 

at any point of the curve gives the acceleration or retardation of the train. The 

area between the curve and the time axis up to a certain time gives the 

distance covered by the train till that instance of time. 

(a) An initial constant acceleration period which is obtained by 

supplying a definite mean value of armature current. By moving the starter 

handle from one notch to another thereby decreasing the armature resistance. 

This period is known as notching period (or) rheostatic acceleration 
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(b) A decreasing acceleration period, when full voltage is applied to the motor 

and the current and torque decreases as the speed of the motor or train increases. 

The acceleration decreases till the torque developed by the motor equals the 

required torque to overcome the forces due to friction and windage. The shape of the 

speed-time curve is affected only by the variation in voltage and the resistance to 

motion. 

(ii) Simplified speed - time curve 

The speed - time curve is used to analysis the energy requirements, schedule 

speed etc... But the exact characteristics of the series motor are not known. Hence 

the actual speed — time curve are replaced by approximate curves. These curves 

have simple geometries and hence relationship between the acceleration, 

retardation, average speed and distance can be calculated by simple mathematic 

calculation. 

 
 
 
 
 
 
 
 
 
 
 
 

Following points are to be kept in mind while drawing approximate speed time 

curves. 

(i) The values of acceleration and retardation are kept same as those of 

original curve. 

(ii) the speed - curve running and coasting periods of actual speed - time 

curve are replaced by a constant period (Trapezoidal approximation) (Fig a) 

(iii) The initial acceleration period and coasting periods are extended in the 

approximated curve (Quadrilateral approximation) (Fig b) 

(iv) The area under the approximated curve and actual speed - time curve is 

the same. Since the distance between two stations is same. 

Trapezoidal curve is a close approximation to main lines service where the 

duration for free running is long. 
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Quadrilateral curve is a better approximation to urban and sub-urban runs 

where short distances are involved and coasting is an important zone of operation. 

Average speed 

It is defined-as the ratio of the distance between two consecutive stations to 

the time taken by the train to travel that distance (i.e) 

Average speed = Distance between stations 

Actual time of run (T) 

Schedule speed 

It is defined as the ratio of the distance between stations to the total time of 

run which includes actual time of run and time for steps. 

Schedule speed = Distance between stations 

Actual time of run + tune for stops 

 
Normally schedule speed will be smaller than the average speed. The 

difference is large in case of urban and sub urban services and is negligibly small in 

case of main line service. 

Mechanism train movement 

The essential driving mechanism of an electric vehicle pinion, gear wheel and 

driving wheel is shown. The armature of the traction motor has a pinion connected 

with the gear wheel on the driving wheel. The traction motor exerts a torque T which 

will be transmitted to the driving wheel through the gear. The tractive effort F1 at the 

pinion is 

F1rl = T where r1, is the radius of the pinion 

 
The gear ratio = 

 

= 

If F is the tractive effort at the driving wheel and R is its radius then 

FR = F1 r 
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Where ὴ is the efficiency of transmission of power from motor to the driving 

axle and r radius of gear wheel fixed to the axle 

F=F1 = = T 
 

= 

 

6. ii) A train runs an average speed of 50 kmph. Distance between stations 

is 2.5Km.Values of acceleration and retardation are 1.8 Kmphps and 2.4 

Kmphps respectively. Calculate the maximum speed of the train assuming 

trapezoidal speed-time curve. [Dec 2013] 

Va = 38Km/h 

= 36*5/18 = 10m/s 

α = 1.8 Km /h/s = 1.8*5/18 = 0.5m/s2 

β = 3.6*5/18 = 1.0m/s2 

t = D/Va = 2000/10 = 200 s; 

K = (α + β)/ 2αβ = (0.5 + 1.0) / 0.5 *2*1 

= 1.5 
 

Vm = = 

Vm = 11m/s = 11*18/5 = 39.6 Km/h 

Vm = 39.6 Km/h 
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UNIT II ILLUMINATION 

PART A 

1. Define lumen. [April 2014][Dec 2014] 

Lumen is the unit of flux and is defined as the luminous flux per unit angle 

from a source 1 candle power. 

Lumens= candle power x solid angle= candle power x ω 

2. Define luminous flux? [Nov/Dec 2015] 

It is the rate of energy radiation in the form of light waves and is denoted by 

φ=Qt is the radiant energy. Its unit is lumen. 

3. List the type of lighting system. [May 2013][Dec 2014] 

The distribution of the light emitted by lamps is usually controlled to some 

extent by means of reflectors and translucent diffusing screens or even lenses. 

The interior lighting schemes may be classified as 

1. Direct lighting 

2. Semi- direct Lighting 

3. Indirect lighting 

4. Semi-indirect lighting 

5. General Lighting 

 
4. Define luminous efficacy? [Dec 2012] 

Luminous efficacy is a property of light sources, which indicates what portion of 

the emitted electromagnetic radiation is usable for human vision. It is the ratio 

of emitted luminous flux to radiant flux. Luminous efficacy is related to the 

overall efficiency of a light source for illumination, but the overall lighting 

efficiency also depends on how much of the input energy is converted  into 

electromagnetic waves (whether visible or not).The luminous efficacy describes 

the efficacy of a lamp. 

It is expressed as the ratio of the emitted luminous flux in lumen and the 

power used in watts. The theoretically attainable maximum value assuming 

complete conversion of energy at 555 nm would be 683 lm/W. The luminous 

efficacies that can actually be attained vary depending on the lamp. 

5. What is the importance of street lighting system? [Dec 2012] 

1. To reduce the occurrence of accident. 

2. To avoid the theft 

http://www.ledke.com/products/LED-Down-lamp-5W.html


EE6801- Electric Energy Generation, Utilization and Conservation Department of EEE 2016-2017 

22 

 

 

 
 

6. Specify any four energy efficient lamps. [Dec 2013] 

Energy efficient fluorescent lamps, Compact Fluorescent Lamps, Metal 

Halides Lamps, LED 

7. Why tungsten is used as filament material [Dec 2013] 

Pure tungsten has properties including the highest melting point (3695 K), 

lowest vapour pressure, and greatest tensile strength out of all the metals. 

8. List the types of lamps. [May 2014] 

1. Sodium vapours lamps, 

2. Incandescent, fluorescent lamp, 

3. Tubular fluorescent fixtures 

4. Neon lamp, 

5. Mercury vapour lamp 

9. What are the requirements of good lighting? [May 2012][Dec 2014] 

The following factors are required to be considered while designing the 

lighting schemes 

1. Colour of surrounding walls 

2. Uniformity of illumination 

3. Colour of light 

4. Shadows 

5. Glare 

10. Define lux. [May 2012] 

It is defined as the illumination of the inside of the sphere of radius 1 metre at 

the centre of which there is a source of 1 candle power 

11. Define the term of MSCP and lamp efficiency. [May 2012] 

MSCP: The mean of candle power in all directions and in all planes from the 

source of light is termed as Mean Spherical Candle Power. 

Lamp Efficiency: It is define as the ratio of the luminous flux to the power 

input. It is expressed in lumens per watt. 

PART-B 

1. State and prove the laws of illumination. [May 2012/Dec 2012/April 

2014/May 2015] 

There are two laws of illumination 

1. Law of Inverse squares 

2. Lambert‘s cosine law 
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Total light flux in w steradians 

Lambert‘s cosine law: 

b 
c 

 
 

Law of Inverse squares: 

Illumination at a point is inversely proportional to square of its distance from 

the point source and directly proportional to the luminous intensity(cp) of the 

source of light in that direction. 

If a source of light which emits light equally in all directions be placed at the 

centre of a hollow sphere, the light will fall uniformly on the inner surface of the 

sphere. If the sphere be replaced by one of the larger radius the same total 

amount of light is spread over a larger area proportional to the square of the 

radius. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Area of surface at radius , =  

Area of surface at radius , 

Illumination at surface of radius 

=  
 

,= 

 
 

= 

 
 

= 

Illumination at surface of radius 
 

,= = = 

 
 
 
 
 
 
 
 
 
 
 

 
a 

 

The illumination at a point on a surface is proportional to cosine of the angle 

which ray makes with the normal to the surface at that point. 

= 

 
And the illumination decreases in the ratio 
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The expression for the illumination then becomes E= 

With the Cosine Law, d is difficult to measure so we use Pythagoras to 

determine the height 
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Consider a source of light and receiving surface placed at a distance. 

Receiving surface is oriented normal to the direction of flow of radiant power at that 

point. For different values of distances the illumination decreases. As D increases 

the values approach a constant. 

I=Lt (ED2) 

Inverse square law 

E=1/D2 

Illumination at a point normal to the direction of flow of radiant power from 

the source is inversely proportional to the square of the distance. 

In case normal to receiving surface subtends an angle θ with radiant 

energy 

E=I/D2 cosθ called cosine law of illumination 

Suppose the values of illumination to be calculated for different points on a 

horizontal plane due to a single source intensity distribution symmetrical 

about the vertical axis E=I(θ)/h2 cos3θ known as cosine cube law useful 

for evaluating illumination in street lighting etc. 

LAWS OF ILLUMINATION: 

   The original standard of light was Wax Candle, which is highly unreliable.  

It was replaced by a Vaporized Pentane Lamp. This is equal to10 original 

Candles. In the year 1909, Incandescent Lamp was taken as standard by 

comparison with a Pentane Lamp. Thing to be kept in mind is Primary 

Standard should be reproducible.It was in1948, Luminous Intensity; based 

on Luminance (objective brightness) of a small aperture due to Light from 

a Radiator maintained at1773°c i.e. Solidification temperature of platinum 

was adopted as Standard. It consists of: 
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   Radiator – Fused Thoria – Thorium Oxide. 45mm long internal dia of 

2.5mm. Packed with Fused Thoria Powder at the bottom. 

   Supported Vertically Pure Platinum in a Fused thoria crucible with a small 

aperture of 1.5mm in a large refractory container. 

   Platinum melted by a High Frequency Eddy current.Luminance = 589000 

Candles /m2 ≈600 000 units. 

 

2. Describe the construction and working of Mercury vapour lamp. [Nov 

2012/ Apr 2014] 

Similar in construction to sodium vapour lamp and consists of a double 

glass bulb. 

Cathode is maintained in an incandescent state by ionic bombardment. 

No heating circuit is required. 

Operation at low mercury vapor pressure gives blue light and high 

proportion of ultra violet rays and hence unsatisfactory. 

High pressure is developed in mercury vapor lamp in which a small but 

carefully measured drop of mercury is introduced in the bulb. 

Vapor pressure rises until all the mercury is vaporized when the light given 

out is with a bluish tinge. 

Inert gas is introduced for initial discharge of the mercury. 

When mercury vapor lamp is in use and if it goes out it will not restart until 

it is cooled and vapor pressure fallen to sufficiently low value to allow 

restriking of the discharge in the inert gas. 
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   The mercury vapour lamp in construction is similar to sodium vapour lamp. 

It gives greenish blue colour light, which causes colour distortion. 

   The efficiency is about 30-40 lumens per watt. These lamps (MA type) are 

manufactured in 250 and 400 W ratings for use on 200-250 Vac supply. 

   Lamps of this type are used for general industrial lighting, railway yards, 

ports, work areas; shopping centers etc where greenish-blue colour light is 

not objectionable. 

Another type, which is manufactured in 300 and 500 W ratings for use on 

ac as well as dc supply mains is MAT type. 

This is similar to MA type except that it does not use choke as ballast. 

Lower wattage lamps, such as 80 and 125 W, are manufactured in a 

different design and using high vapour pressure of about 5-10 

atmospheres. These are known as MB type lamps. 

 

3. Explain the working and construction of sodium vapour lamp. 

[June 2012] 

Sodium Vapour Lamp: 

Consists of an inner bulb of special glass containing the sodium and the 

inert gas neon or argon and fitted with two filaments. 

This is enclosed in a larger bulb evacuated to prevent the escape of heat 

as much as possible. 

Efficacy of the bulb is high as its radiations from it are near the maximum 

of the visibility curve. 

Normal operating temp of the tube is around 300 degrees C. 

A small transformer is included in the circuit for heating the cathode and a 

choke for stabilizing the discharge. 

   Principally sodium vapour lamp consists of a bulb containing a small 

amount of metallic sodium, neon gas and two sets of electrodes connected 

to a pin type base. 
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The lamp operates at a temperature of about 300°C and in order to 

conserve the heat generated and assure the lamp operating at normal air 

temperatures the discharge envelope is enclosed in special vacuum 

envelope designed for this purpose. 

The efficiency of a sodium vapour lamp under practical conditions is about 

40-50 lumens/watt. Such lamps are manufactured in 45, 60, 85 and 140 W 

ratings. 

The average life is about 3000 hours and is not affected by voltage 

variations. 

The major application of this type of lamp is for highway and general 

outdoor lighting where colour discrimination is not required, such as street 

lighting, parks, rail yards, storage yards etc. 

 

4. Discuss about the various factors that affect the design of lighting 

system. [June 2013] 

The safety and comfort of occupants – the nature of a task or process 

performed in a space will dictate the luminance level which must be 

provided by the lighting system (lx or lm/m2). Tasks involving high degrees 

of visual acuity will require higher lighting levels. 

   The minimization of energy consumption – minimization of energy 

consumption involves the development of the most energy efficient lighting 

systems which is suitable for the task, this can be achieved by selecting 

high efficiency equipment and making use of available daylight. 
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   Colour rendering or the creation of a specific atmosphere – the colour 

characteristics of a lighting scheme will affects tasks performed when the 

lighting system is on. 

For example tasks which require the accurate representation of colour 

require a light with the spectral characteristics of daylight. Alternatively, to 

create a ―warm atmosphere‖ in a restaurant requires the selection of lights 

skewed to the red end of the spectrum. 

A lighting design has several stages. These are as follows: 

1. Identification of the requirements for the lighting system, luminance 

levels, colour requirements, available space, etc; 

2. Selection of equipment, lamps, luminaries: lighting systems consist of 

numerous components, the two most important of which are: lamps, which 

influence the lighting level, colour characteristics and efficiency of the lighting 

system; luminaires affect the efficiency with which the light is distributed and 

so affect lighting efficiency and uniformity 

3. Design of the lighting system: lighting systems are designed to achieve 

a reasonably uniform distribution of light on a particular plane (usually 

horizontal), avoidance of glare with a minimum expenditure of energy. The 

most rudimentary form of lighting design is done using a manual calculation – 

the lumen method. However lighting design is increasingly done by computer. 

4. System control: once a lighting system has been designed it can be 

controlled in such a way as to make maximum use of available daylight, 

through selection of appropriate switching mechanisms and daylight 

responsive controls. 

5. Explain the different lighting scheme [Dec 2012/ April 2014] 

The most common methods used for lighting calculations are: 

(1) Watts per Square Meter Method. This is principally a rule of thumb method 

very handy for rough calculations or checking. It consists of making an allowance 

of watts/m2 of area to be illuminated according to the illumination desired on the 

assumption of an average figure of overall efficiency of the system. 

(2) Lumen or Light Flux Method. This method is applicable to those cases 

where the sources of light are such as to produce an approximate uniform 

illumination over the working plane or where an average value is required. 

Lumens received on the working plane may be determined from the relation. 
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Lumens received on the working plane = Number of lamps X wattage of each 

lamp X lamp efficiency (lumens/watt) X coefficient of utilization/depreciation 

factor. 

(3) Point-To-Point or Inverse Square Law Method. This method is applicable 

where the illumination at a point due to one or more sources of light is required, 

the candle power of sources in the particular direction under consideration being 

known. This method is not much used because of its complicated and 

cumbersome applications. 

Design of lighting system: 

Direct lighting: 

Lighting provided from a source without reflection from other surfaces. In day 

lighting, this means that the light has travelled on a straight path from the sky (or 

the sun) to the point of interest. In electrical lighting it usually describes an 

installation of ceiling mounted or suspended luminaires with mostly downward 

light distribution characteristics. 

Indirect lighting: 

Lighting provided by reflection usually from wall or ceiling surfaces. In day 

lighting, this means that the light coming from the sky or the sun is reflected on a 

surface of high reflectivity like a wall, a window sill or a special redirecting 

device. In electrical lighting the luminaries are suspended from the ceiling or wall 

mounted and distributes light mainly upwards so it gets reflected off the ceiling  

or the walls. 

Types of Lighting: One of the primary functions of a luminaries is to direct the 

light to where it is needed. The light distribution produced by luminaries is 

characterized by the Illuminating Engineering Society as follows: 

Indirect Lighting= 90 to 100 percent of the light is directed to the ceilings and 

upper walls and is reflected to all parts of a room. 

Semi-Direct Lighting=60 to 90 percent of the light is directed downward with 

the remainder directed 

Semi-indirect Lighting=60 to 90 percent of the light is directed upward with the 

remainder directed downward. 

Highlighting Lighting= the beam projection distance and focusing ability 

characterize this luminaire 



EE6801- Electric Energy Generation, Utilization and Conservation Department of EEE 2016-2017 

30 

 

 

 
 

Industrial Luminaries: 

Coming to industrial areas if in the Interior-up to 6m Fluorescent Lamp with 

matt white reflector are employed. In High bays beyond 6m Discharge Lamps 

with Mirror Reflectors are employed. Luminaries in Hazardous Areas are 

specially designed. They are encapsulated in boxes made of steel or cast iron 

exterior housing to avoid any explosion, sturdy resisting pressure. 

Categories of Explosive Areas: 

In this respect explosives are as are categorized as 

Zone 0 – Explosive all the time, 

Zone 1 – Normally Explosive and 

Zone 2 – Explosive Abnormally. 

Here moisture & dust are taken care by Gasketted Luminnaires – Completely 

sealed eg: in a Shower or a Laundry. Emergency Lighting is required when 

normal lighting fails. Escape Lighting sufficient for evacuation typically 1 – 10 lx. 

Safety Lighting – 5% normal Lighting is provided in Potentially Hazardous areas. 

Standby power supply required for activation of vital implements. A permanent, 

separate, self supporting Power system which is reliable and mains 

rechargeable batteries in each Luminaries are provided 

Non Permanent - Auto Switching - Emergency Generator - Battery Supply is 

also used. 

ROAD LIGHTING: 

 
 
 
 
 
 
 
 
 
 

Conventionally by they are arranged in a column, mounted on a wall or 

suspended by a span wire. Plane of Symmetry being in vertical plane 

perpendicular to the axis of the road along the road. Catenary  – suspended 

from a catenary cable parallel to the axis of road. Plane of symmetry parallel to 

the axis of road. They employ Corrosion Resistant sturdy materials and are 

usually closed. 
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FLOOD LIGHTS: 

Rain Proof Lamp holder with wide / narrow beam Reflectors are used 

for flood light. They are usually High wattage Incandescent Lamps, Halogen 

Lamps, High Pressure Mercury Vapor Lamp or Low / high Pressure Sodium 

Lamp. Spot lights / down lights are usually used with Screens,  Reflectors, 

Filters, Colored envelope and Closed Lamps. Down lights are Spot lights when 

suspended. 

As already brought out the components of an Illumination system are 

Lamp, the Radiation Source, Luminaire that directs and controls the light flux. 

Control Gear is the accessory that helps in controlling the requisite amount of 

flux on the work plane. Now we take a look at the accessories involved. First of 

these is Ballast. 

In a discharge lamp a series impedance to limit the current is required. If the 

current is allowed to increase there can be explosion of the lamp. This takes the 

form in a.c. as Inductance-w/o undue loss of power. This is called Ballast. It 

should have high power factor for economic use of the supply and should 

generate minimum harmonics. It should offer high impedance to audio 

frequencies. It should suppress-Electromagnetic interference (Radio 

interference-TV interference). It is essentially, a reactor of a wound coil on a 

magnetic core often called Choke and is in series with the lamp. 

INTERIOR LIGHTING: 

 
Interior Lighting is a complex problem depending on various factors such as 

  Purpose intended service, 

   Class of Interiors. 

   Luminaire best suited, 

  Color effect and 

   Reflection from ceiling, walls, floors. 

Good Lighting means intensity should be ample to see clearly and 

distinctly. The light distribution should be nearly uniform over a part of the room 

at least. It should be diffused that is soft and well diffused. Colour depends on 

purpose and taste source but should approach daylight / yellow. Source location 

should be well above range of vision. To avoid glare intrinsic brightness is 
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reduced by diffused glass ware and by remaining objects of secular reflection 

from range of vision. 

SPORTS LIGHTING: 

Lighting for sports facility looks for comfort of four user groups namely 

Players, Officials, Spectators and Media. Players and officials should see clearly 

in the play area to produce best possible results the object used in the game. 

Spectators should follow the performance of the players. In addition to play area 

surroundings also need to be illuminated. Lighting should be such that it enables 

 

safe entry and exit. With increasing crowd level safety becomes more and more 

important. Criteria relevant for sports lighting are Horizontal Illuminance, Vertical 

Illuminance, Illuminance Uniformity, Glare restrictions, Modeling & shadows and 

Color appearance & rendering. 

6. i) A drawing hall 30*15*5m is to be provided with a general illumination 

of 120lux. Taking co-efficient of utilization as 0.5, depreciation factor as 

1.4, determine the number of fluorescent tubes required , their spacing 

height , mounting height and total wattage. Take luminous efficacy of 

fluorescent tubes as 40 lumen/watt for 80 watts tube. 
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6 (ii) Two lamps posts are 14m apart and are fitted with 200c.p. lamp each at a 

height of 5m above the ground. Calculate : 

i) Illumination mid-way between them 

ii) Illumination under each lamp. 
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UNIT III HEATING AND WELDING 

PART-A 

1. What are the requirements of a good heating material? [April 2014] 

1. High specific resistance 

2. High melting point 

3. Free from oxidation 

4. Low temperature coefficient of resistance. 

2. List the advantages of electric heating? [May 2013&May2014] 

The main advantages of electric heating over other systems of heating such 

as coal, oil or gas heating are given below. 

Economical, Cleanliness, Absence of flue gases, Ease of control or 

adaptation automatic protection, Upper limit of temperature Special heating 

features, High efficiency of utilisation Better working conditions, Safety, Heating 

of non-conducting materials. 

3. What is meant by resistance welding? [May2013] 

Electric resistance welding (ERW) refers to a group of welding processes  

such as spot and seam welding that produce coalescence of faying surfaces 

where heat to form the weld is generated by the electrical resistance of material 

vs. the time and the force used to hold the materials together during welding. 

4. Give the methods of control temperature in arc furnace? [Dec 2012] 

1. Changing the resistance of elements. 

2. Changing the applied voltage to the elements (or) current passing through the 

elements. 

3. Changing the ratio of the on-and-off times of the supply. 

 
5. List some steps taken to minimize skin effect in induction heating? 

[Dec 2012] 

1. By using copper-clad steel wire 

2. By using low frequency 

3. By reducing the thickness of the laminate or strips 

4. By using hollow conductor 

 
6. Mention the applications of dielectric heating? [Dec 2013] 

Plastic welding, plastic preheating, textile drying, wood glue drying, food 

drying, post bake moisture removal, pasteurisation, sterilisation, preheating. 

http://en.wikipedia.org/wiki/Welding
http://en.wiktionary.org/wiki/coalesce
http://en.wikipedia.org/wiki/Faying_surface
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7. What is meant by electric arc welding? What are the different types of 

electrodes used and its applicability? [April 2014] 

Arc welding is a type of welding that uses a power supply to create an electric 

arc between an electrode and the base material to melt the metals at the welding 

point. They can use either direct (DC) or alternating (AC) current, and 

consumable or non-consumable electrodes. Purpose is to join two metals. 

Fabrication, shipbuilding, riveting. 

8. Draw voltage versus current characteristics of welding transformer. 

[Dec 2013] 

 
 
 
 
 
 
 
 

 
9. What is the basic principle of induction heating? 

It works on the principle of electromagnetic induction as same as a 

transformer. It has a metal disc Surrounded by a copper coil in which a.c supply is 

flowing. The disc has a finite value of diameter and thickness and is spaced a 

given distance from the coil and concentric to it. We find that a secondary current 

is caused to circulate around the outer surface of the disc. 

10. What are the different types of resistance welding? 

The different types are as follows 

1. Butt welding 

2. Spot welding 

3. Projection welding 

4. Seam welding 

5. Percussion welding 

http://en.wikipedia.org/wiki/Welding_power_supply
http://en.wikipedia.org/wiki/Electric_arc
http://en.wikipedia.org/wiki/Electric_arc
http://en.wikipedia.org/wiki/Direct_current
http://en.wikipedia.org/wiki/Alternating_current
http://en.wikipedia.org/wiki/Electrode
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current is passed through the primary coil. 

The following are different types of induction furnaces 

1. Core type furnaces 

a. Direct core type induction furnace 

b. Vertical core type induction furnace 

c. Indirect core type induction furnace 

2. Core less type furnaces 

DIRECT CORE TYPE: 

 
 

PART-B 

1. Draw a neat sketch of Induction furnace and explain its working 

[April 2014] 

INDUCTION HEATING 

Induction heating processes make use of currents induced by 

electromagnetic action in the material to be heated. Induction heating is based on 

the principle of transformers. There is a primary winding through which an a.c 

current is passed. The coil is magnetically coupled with the metal to be heated 

which acts as secondary. An electric current is induced in this metal when the a.c 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

It consists of an iron core, crucible and primary winding connected to 

an a.c supply. The charge is kept in the crucible, which forms a single turn short 

circuited secondary circuit. The current in the charge is very high in the order of 

several thousand amperes. The charge is magnetically coupled to the primary 

winding. The change is melted because of high current induced in it. When there 

is no molten metal, no current will flow in the secondary. To start the furnace 

molten metal is poured in the oven from the previous charge. 
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This type of furnace has the following drawbacks: 

The magnetic coupling between the primary and secondary is very 

weak, therefore the leakage reactance is very high. This causes low power factor. 

Low frequency supply is necessary because normal frequency causes turbulence 

of the charge. If current density exceeds about 5 amps/mm2 the electromagnetic 

force produced by this current density causes interruption of secondary current. 

Hence the heating of the metal is interrupted. It is called pinch effect. 

. The furnace cannot function if the secondary circuit is open. It must 

be closed. For starting the furnace either molten metal is poured into the crucible 

or sufficient molten metal is allowed to remain in the crucible from the previous 

operation. Such furnace is not suitable for intermittent services. 

INDIRECT CORE TYPE INDUCTION FURNACE: 

In this type of furnace induction principle has been used for heating 

metals. In such furnace an inductively heated element is made to transfer its heat 

to the change When the primary winding is connected to the supply, current is 

induced in the secondary of the metal container. 

 
 
 
 
 
 
 
 
 
 

 
So heat is produced due to induced current. This heat is transmitted 

to the charge by radiation. The portion AB of the magnetic circuit is made up of a 

special alloy and is kept inside the chamber of the furnace. 

The special alloy will decrease its magnetic properties at a particular 

temperature and the magnetic properties are regained when the alloy will cooled. 

As soon as the furnace attains the critical temperature the reluctance of the 

magnetic circuit increases many times and the inductive effect correspondingly 

decreases thereby cutting off the heat supply. The bar AB is removable type and 

can be replaced by other, having different critical temperature. Thus the 

temperature of the furnace can be controlled very effectively. 
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CORELESS INDUCTION FURNACE: 

Coreless induction furnace also operates on the principle of transformer. 

In this furnace there is no core and thus the flux density will be low. Hence for 

compensating the low flux density, the current supplied to the primary should 

have sufficiently high frequency. 

The flux set up by the primary winding produces eddy currents in the 

charge. The heating effect of the eddy currents melts the charge. Stirring of the 

metals takes place by the action of the electromagnetic forces. Coreless furnace 

may be having conducting or non conducting containers. The container acts as 

secondary winding and the charge can have either conducting or non conducting 

properties. 

 
 
 
 
 
 
 
 
 
 
 

 
ADVANTAGES: 

Time taken to reach the melting temperature is less. 

Accurate power control is possible. 

Any shape of crucible can be used. 

The eddy currents in the charge results in automatic stirring. 

Applications of Induction Heating 

   Induction furnace 

  Induction welding 

  Induction cooking 

  Induction brazing 

  Induction sealing 

  Heating to fit 

Heat treatment 
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Advantages of Induction Heating 

   Optimized 

   Maximized Productivity 

  Improved Product Quality 

  Extended Fixture Life 

   Environmentally Sound 

   Reduced Energy Consumption 

 
2. Explain Ajax-wyatt furnace. [April 2015] 

AJAX WYATT VERTICAL CORE TYPE FURNACE: 

The principle of operation is that of a transformer in which the 

secondary turns are replaced by a closed loop of molten metal. The primary 

winding is placed on the central limb of the core. Hence leakage reactance is 

comparatively low and power factor is high. Inside of the furnace is lined with 

refactory depending upon the charge. The top of the furnace is covered with an 

insulated cover which can be removed for charging. Necessary arrangements are 

usually made for titling the furnace to take out the molten metal. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
The molten metal in the ‗V‘ portion acts as a short circuited secondary. 

When primary is connected to the a.c supply, high current will be accumulated at 

the bottom and even a small amount of charge will keep the secondary 

completed. Hence a chance of discontinuity of the circuit is less. 
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ADVANTAGES: 

   High efficiency and low operating cost. 

   Since both primary and secondary are on the same central core, its power 

factor is better. 

   The furnace is operated from the normal supply frequency. 

   Chances of discontinuity of the secondary circuit is less, hence it is useful 

for intermittent operations. 

APPLICATIONS: 

This furnace is used for melting non ferrous metals like brass, zinc, tin, 

bronze, copper etc. 

 

3. Explain various types of welding. [April 2014/ Dec 2012/ June 2013/ 

May 2012] 

ELECTRIC WELDING: 

Welding is the process of joining two similar metals by heating. The metal 

parts are heated to melting point. In some cases the pieces of metal to be joined 

are heated to plastic stage and are fused together. The electric welding sets may 

be either dc or ac type. 

DC welding sets are of two types namely generator type welding set 

consisting of a differential compound wound dc generator, giving drooping volt- 

ampere characteristic, driven by any type of prime-mover (a squirrel cage 

induction motor or a petrol or diesel engine) and dry type rectifier (selenium 

rectifier) used in conjunction with a multiphase high leakage transformer. 

In generator type welding sets the control may be obtained by tapping the 

series field or by providing a suitable shunt across the series field winding. In the 

rectifier type set dc voltage is controlled by regulating the transformer output. In 

electric welding process, electric current is used to produce large heat, required 

for joining two metal pieces. There are two methods by which electric welding can 

be carried out. These are 

a) Resistance welding and 

b) Arc welding. 

TYPES OF ELECTRIC WELDING: 

1. Resistance welding 

a) Seam welding 
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b) Projection welding 

c) Flash welding 

2. Arc welding 

a) Carbon arc welding 

b) Metal arc welding 

c) Atomic hydrogen arc welding 

d) Inert gas metal arc welding 

e) Submerged arc welding. 

RESISTANCE WELDING: 

In resistance welding heavy current is passed through the metal pieces to 

be welded. Heat will be developed by the resistance of the work piece to the flow 

of current. 

The heat produced for welding is given by 

H=I2Rt 

Where, 

H= Heat developed at the contact area. 

I= Current in amperes. 

R= Resistance in ohms. 

t= time of flow of current. 

 
 
 
 
 
 
 
 
 
 

BUTT WELDING: 
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In this process heat is generated by the contact resistance between two 

components. In this type of welding the metal parts to be joined end to end. 

Sufficient pressure is applied along the axial direction. 

A heavy current is passed from the welding transformer which creates the 

necessary heat at the joint due to high resistance of the contact area. Due to the 

pressure applied, the molten metal forced to produce a bulged joint. This method 

is suitable for welding pipes, wires and rods. 

II) SPOT WELDING: 

Spot welding is usually employed for joining or fabricating sheet metal 

structure. This type of joint only provides mechanical strength and is not air or 

water tight. The plates to be welded are placed overlapping each other between 

two electrodes, sufficient mechanical pressure is applied through the electrodes. 

The welding current flows through electrodes tips producing a spot weld. The 

welding current and period of current flow depend on the thickness of the plates. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
III) ARC WELDING: 
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   An electric arc is the flow of electric current through gases. 

   An electric arc is struck by short circuiting two electrodes and then with 

drawing them apart by small distance. 

   The current continue to flow across the small gap and give intense 

heat. 

   The heat developed by the arc is also used for cutting of metal. 

   The electrode is made of carbon or graphite and is to be kept negative 

with respect of work. 

The work piece is connected to positive wire. Flux and filler are also 

used. 

Filler is made up of similar metal as that of metal to be welded. 

If the electrode is made positive then the carbon contents may flow into 

the weld and cause brittleness. 

The heat from the arc forms a molten pool and the extra metal required 

to make the weld is supplied by the filler rod. 

This type of welding is used for welding copper and its alloy. 

IV) METAL ARC WELDING: 

In metal arc welding a metal rod of same material as being welded is 

used as an electrode. 

The electrode also serves the purpose of filler. For metal arc welding 

A.C or D.C can be used. 

Electric supply is connected between electrode and work piece. 

The work piece is then suddenly touched by the electrode and then 

separated from it a little. This results in an arc between the job and the 

electrode. 

A little portion of the work and the tip of the electrode melts due to the 

heat generated by the arc. 

   When the electrode is removed the metal cools and solidifies giving a 

strong welded joint. 

 

4. Explain the various types of resistance heating. [May 2012] 

RESISTANCE HEATING: 

This method is based upon the I2R loss. Whenever current is passed 

through a resistive material heat is produced because of I2 R loss. 
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There are two methods of resistance heating. They are 

a. Direct Resistance Heating 

b. Indirect Resistance Heating 

DIRECT RESISTANCE HEATING: 

   In this method of heating the material or change to be heated is taken 

as a resistance and current is passed through it. 

   The charge may be in the form of powder pieces or liquid. The two 

electrodes are immersed in the charge and connected to the supply. 

In case of D.C or single phase A.C two electrodes are required but 

there will be three electrodes in case of three phase supply. 

When metal pieces are to be heated a powder of high resistivity 

material is sprinkled over the surface of the charge to avoid direct short 

circuit. 

But it gives uniform heat and high temperature. One of the major 

applications of the process is salt bath furnaces having an operating 

temperature between 500˚C to 1400˚C. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

An immersed electrode type medium temperature salt bath furnace is 

shown in figure 

   The bath makes use of supply voltage across two electrodes varying 

between 5 to 20 volts. 

   For this purpose a special double wound transformer is required which 

makes use of 3Ф primary and single phase secondary. This speaks of 

an unbalanced load. 

   The variation in the secondary voltage is done with the help of an off 

load tapping switch of the primary side. This is necessary for starting 

and regulating the bath load. 
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ADVANTAGES: 

   High efficiency. 

   It gives uniform heat and high temperature. 

APPLICATION: 

   It is mainly used in salt bath furnace and water heater 

INDIRECT RESISTANCE HEATING: 

   In this method the current is passed through a highly resistance 

element which is either placed above or below the over depending 

upon the nature of the job to be performed. 

 
 
 
 
 
 
 
 
 
 
 
 

 

The heat proportional to I2R losses produced in heating element 

delivered to the charge either by radiation or by convection. 

Sometimes in case of industrial heating the resistance is placed in a 

cylinder which is surrounded by the charge placed in the jackes. The 

arrangement provides as uniform temperature. Automatic temperature 

control can be provided in this case 

This method is used in room heater, in bimetallic strip used in starters, 

immersion water heaters and in various types of resistance ovens used 

in domestic and commercial cooking. 

 

5. Explain the principle and working of welding generator and welding 

transformer. [Dec2012/April 2015] 

WELDING GENERATOR - A.C SUPPLY 

   Welding generators create power for welding without reliance on the grid. 

   Fill up the fuel tank, and the welding generator can produce the power for 

your welding equipment. This is essential for working at construction sites, 

farms, ranches and on service trucks that must work when the grid power is 

down. 
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   Welding generators can produce both AC and DC current. 

   Welding generators can create 10,000 watts of power or more for welding 

equipment. 

   A 250 amp power flow supports stick welding and wire welding. 

  Use a 300 amp welding generator for tig welding. 

   Use a welding generator with 11,000 W or more to support a plasma cutter. 

   In tapped reactor method, output current is regulated by taps on the reactor. 

This has limited number of current settings. 
 
 
 
 
 
 
 
 
 
 
 
 

 

   In the moving coil method of current control, relative distance between 

primary and secondary windings is changed. When coils are more separated 

out current is less. 

   In magnetic shunt method, position of central magnetic shunt can be 

adjusted.This changes the magnitude of shunt flux and therefore, output 

current. When central core is more inside, load current will be less and vice 

versa. 

In continuously variable reactor method, output current is controlled by 

varying the height of the reactor. Greater the core insertion, greater the reactance 

and less the output current. Reverse is true for less height of core insertion. 

In saturable reactor method, the reactance of the reactor is adjusted 

by changing the value of d.c excitation obtained from bridge rectifiers by means of 

rheostat. When d.c current in the central winding of reactor is more, reactor 

approaches magnetic saturation. This means the reactance of reactor becomes 

less. Vice versa happens on the 

A welding transformer is a step down transformer that reduces the 

voltage from the source voltage to a lower voltage that is suitable for welding, 

usually between 15 and 45 volts. The secondary current is quite high. 200 to 600 

amps would be typical, but it could be much higher. 
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The secondary may have several taps for adjusting the secondary 

voltage to control the welding current. The taps are typically connected to a 

several high-current plug receptacles or to a high current switch. For welding with 

direct current (DC) a rectifier is connected to the secondary of the transformer. 

There may also be a filter choke (inductor) to smooth the DC current. The entire 

transformer and rectifier assembly may be called a transformer or welder, but 

"welding power supply" would be more appropriate term. 

WELDING TRANSFORMER: 

The impedance of a welding transformer may be higher that the 

impedance of a transformer designed for some other purpose. The transformer 

impedance may play a role in the process of establishing an arc and controlling 

the current. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

SPECIAL FEATURES: 

   Step less current control within single range from front panel 

  For its high permitted load, its ideal for fematic welding 

   Phase compensation facility optional. It‘s a good investment as the primary 

current and rated output can be reduced, resulting in reduced fuse size and 

cable diameter 

   Provided with wheels and handle for easy mobility 

  Sturdy design for all working environments 

   Horizontal shunt core travel ensures precise setting after prolonged use 

  Class 'H' insulation provides longer coil life 

Multi voltage input supply 
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UNIT IV SOLAR RADIATION AND SOLAR ENERGY COLLECTORS 

PART A 

1. What is meant by solar energy? 

The energy received in the form of radiation, can be converted directly 

or indirectly into other forms of energy, such as heat and electricity, which can 

be utilized by man. 

2. Define solar constant. 

It is defined as the amount of energy received in unit time on a unit 

area perpendicular to the sun‘s direction at the mean distance of the earth 

from the sun. 

3. What is meant by solar collector? Mention its types. 

A solar collector is a device for collecting solar radiation and transfers 

the energy to a fluid passing in contact with it. There are 2 types of collector‘s 

1. Non concentrating or flat plate collector 

2. Concentrating or focusing collector. 

4. What are the indirect forms of solar energy? 

Wind Energy, Biomass Energy, Tidal Energy, Ocean Wave Energy, 

Ocean Thermal Energy, Fossil Fuels and other organic chemicals. 

5. List out the advantages of flat plate collector. 

1. Compact, 

2. Simple construction, 

3. Low maintenance, 

4. Corrosion eliminated. 

6. List the application of solar PV system. 

1. Water Pumping sets 

2. Micro irrigation 

3. Drinking water supply 

4. Radio beacons for ship navigation and Street lighting. 

7. What are the disadvantages of solar cells? 

i. Compares with other sources of energy, solar cells produce 

electric power at very high cost. 

ii. Solar cell output is not constant and it varies with the time of day 

and weather. 

iii. They can be used to generate small amount of electric power. 
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8. What is concentration ratio? 

It is the ratio between the aperture area and the receiver/ absorber 

area of the collector. 

9. What are the two types of flat plate collectors? 

i. Liquid heating collectors 

ii. Solar air heaters 

10. Write the equation for overall efficiency of solar pump. 

Overall efficiency = efficiency of the engine*efficiency of the collectors. 

 
 

PART B 

1. Explain the construction and working principle of Solar cell and solar 

power plant. 

 
 
 
 
 
 
 
 
 
 
 

 
Figure shows a solar power plant with a low temperature solar engine 

using heated water from flat plate solar collector. 

SOLAR CELL 

Solar electric systems convert sunlight to ―DC‖ or direct current electricity- 

the same type of electricity that is produced by every-day batteries where 

electrons flow in one direction. Solar cells, generally consisting of 2 layers of 

silicon (semi-conductor material) and a separation layer, are wired together and 

assembled into panels or modules. When the cells are exposed to sunlight, 

photons from the sun interact with electrons in the upper silicon layer, basically 

knocking them loose from their associated atoms. The loose electrons are 

attracted to atoms in the lower layer of silicon and travel through the wire to get 

there. This movement of electrons from one side of the cell to the other through 
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the wire is electrical current. The term ―photovoltaic‖ (or PV for short) is nicely 

descriptive of this process. 

When a solar panel is manufactured, the PV cells are wired together in 

―series‖. The output voltage of the panel depends on the number of cells in the 

series. Common nominal output voltages are 12, 18, and 24 volts DC. The output 

wattage is dependent on the efficiency of the cells and the size or area of each 

cell in the panel. The larger and more efficient the cells, the greater the wattage 

will be per square foot. Panels made using more efficient cells tend to be more 

expensive. 

When the installer assembles a PV system, an exact number of panels are 

wired in series strings to achieve the target voltage required by the inverter or 

other load. Then groups of panel strings are often wired together in ―parallel‖ in 

order to increase the wattage of the system. Once all these components are in 

place, the sun provides the energy and the system simply manufactures 

electricity. 

The solar cells operate on the principle of photo voltaic effect, which is a 

process of generating an emf as a result of the absorption of ionizing radiation. 

It is possible to convert solar energy directly into electrical energy by 

means of silicon wafer photo-voltaic cells, also called the solar cells, without any 

intermediate thermodynamic cycle. 

Thus a solar cell is a transducer, which converts the sun‘s radiant energy 

directly into electrical energy and is basically a semi-conductor diode capable of 

developing a voltage of 0.5-1 volts and a current density of 20-40 mA/sq.cm 

depending on the materials used and the conditions of sunlight. 

SOLAR CELL WORKS IN FOLLOWING STEPS. 

Photons in sunlight hit the solar panel and absorbed by semiconducting 

material (such as silicon) Electrons (negatively charged) are knocked loose from 

their atom causing an electric potential difference. Thus converts solar energy 

into electrical energy without any waste products. 

WORKING:- 

Photovoltaic cell is small semi conductor device which has light sensitive 

P-N junction. It made up semi-conducting material and these cells are light 

sensitive. The p-Type layer is thick while the N-type layer is thin. When trivalent 

impurity is added, P-type semiconductor is obtained. 
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When sunlight strikes the N-type layer, some of the waves of light energy 

penetrate up to the P-type layer. When photons from the sunlight energy are 

absorbed in semi conductor, and sunlight energy is greater than energy gap, 

electron-hole pairs are formed. Electrons are released from N-type material and 

holes are created in P-type material electrical circuit is completed and flow of 

current takes place. Photo voltaic cell system converts solar energy directly into 

electrical energy without any waste products. 

2. Explain Flat plate collector and cylindrical parabolic concentrator 

collector with neat sketch. 

In a flat plate collector (figure), the radiation energy of the sun falls on a flat 

surface coated with black paint having high absorbing capacity. It is placed facing 

the general direction of the sun. The materials used for the plate may be copper, 

steel aluminium. The thickness of the plate is 1 to 2 mm. Tubing of copper is 

provided in thermal contact with the plate. 

 
 
 
 
 
 
 
 
 
 
 

Heat is transferred from the absorbed plate to water which is circulated in the 

copper tubes through the flat plate collection. Thermal insulation is provided 

behind the absorber plate to prevent heat losses from the rear surface. Insulating 

material is generally fibre glass or mineral wool. The front cover is made up of 

glass and it is transparent to the incoming solar radiations. 

Flat plate collector can be used for a variety of applications in which 

temperatures ranging from 40°C to about 100°C are required for the purpose. 

a) Liquid flat plate collector: 

The basic elements required for making up a conventional liquid flat plate 

collector as shown in Fig. The absorber plate (2) The tubes fixed to the absorber 

plate through which the liquid to be heated flows (3) The transparent cores and 

(4) The insulated container. The solar radiation falls on the absorber plate after 
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coming through one or more transferred to a liquid flowing through tubes which 

are fixed to the absorber plate or integral with it. This energy transfer is the useful 

gain. 

b) Liquid flat plate collector 

The remaining part of the radiation absorbed in the absorber plate is lost by 

convection and re-radiation to the surroundings from the top surface, and by 

conduction through the back side and the edges. The transparent covers help in 

reducing losses by convection and re-radiation, while thermal insulation on the 

back side and the edges helps in reducing the conduction heat loss. The liquid 

most commonly used is water. A liquid flat plate collector is usually held titled in a 

fixed position on a supporting structure facing south is located in the northern 

hemisphere. 

3. Explain cylindrical parabolic concentrator collector with neat sketch. 

 
 
 
 
 
 
 
 
 
 
 

 
Concentrator collectors (figure) are of reflecting type utilizing mirrors. 

The reflecting surface may be parabolic mirror. The solar energy falling on the 

collector surface is reflected and focused along a line where the absorber tube is 

located. As large quantity of energy falling on the collector surface is collected 

over a small surface, the temperature of the absorber fluid is very much higher 

than in flat plate collector. While flat place collectors may be used to heat water 

upto 800C (low temperature), the concentrating type of collectors are designed to 

heat water to medium and high temperature ranges. Figure shows a solar power 

plant with a low temperature solar engine using heated water from flat plate solar 

collector and Butane as the working fluid. This was developed to lift water for 

irrigation purposes. It is used when temperature higher than 100oC are required. 
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a) Cylindrical parabolic concentrating collector: 

When temperatures higher than 100°C are required, it becomes necessary to 

concentrate the radiation. This is achieved using focusing or concentrating 

collectors. A schematic diagram of a typical concentrating collector is shown in 

Fig. 

 
 
 
 
 
 
 
 

 
Cylindrical parabolic concentrating collector. 

The concentration shown is a mirror reflector having the shape of a 

cylindrical parabola. It focuses the sunlight onto its axis where it is absorbed on 

the surface of the absorber tube and transferred to the fluid flowing through it. A 

concentric glass cover around the absorber tube helps in reducing the convective 

ad radioactive losses to the surroundings. In order that the sun‘s rays should 

always be focused onto the absorber tube, the concentrator has to be rotated. 

This movement is called tracking. 

In the case of cylindrical parabolic concentrators, rotation about a single axis 

is generally required. Fluid temperatures up to around 300°C can be achieved in 

cylindrical parabolic focusing collector systems. The absorber tube is usually 

made of mild steel or copper. It is coated with a heat resistant black paint. Water 

is used for temperatures below 100°C, while organic heat transfer liquids 

(sometimes referred to as thermic fluids) are used for high temperature. The 

reflecting surface is often made from anodized aluminum sheet. Long strips of 

glass are also sometimes used as an approximation to the parabolic shape. 

b) Paroboloid concentrating collector: 

Higher working temperature (> 300°C) can be achieved by using paraboloid 

reflectors which have a point focus. These require two-axis tracking (Vertical and 

horizontal axis) so that the sun is in line with the focus and the vertex of the 

paroboloid. 
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4. Describe the various methods of solar cooking. 

An important domestic thermal application is that of cooking. 

a) Box type cooker: 

It consists of a rectangular enclosure insulated on the bottom and sides and 

having two glass covers on the top as shown in Fig. 35. Solar radiation enters 

through the top and heats up the enclosure in which the food to be cooked is 

placed in shallow vessels. A typical size available has an enclosure about 50 cm 

square and 12 cm deep. The solar radiations entering the box are of short wave 

length. The higher wave length radiation is not able to pass through the glass 

cover i.e. re-radiation from absorber plate to outside the box is minimized by 

providing glass cover. 

 
 
 
 
 
 
 
 
 
 

 
Temperatures around 100°C can be obtained in these cookers on sunny days 

and pulses, rice, vegetables etc. can be readily cooked. The time for cooking 

depends upon the solar radiation and varies from 0.5 to 2.5 hours. The best time 

of the day for cooking is between 11 am and 2 pm. 

b) Box type cooker with reflector: 

A single glass reflector whose inclination can be varied is sometimes attached 

to the box type cooker. A sketch of such a cooker the addition of the mirror helps 
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2. No attention is needed during cooking. 

3. No fuel, maintenance and recurring cost. 

4. Simple to use and fabricate. 

5. No pollution. 

6. No loss of vitamin in Food. It is nutritive and delicious with natural taste. 

Demerits: 

1. Cooking can be done only when there is sunshine. 

2. Takes more time to cook food. 

3. All types of food cannot be cooked. 

5. Explain with layout diagram the stand alone solar PV system. 

 
 

in achieving enclosure temperatures which are higher by about 15 to 20°C. As a 

result the cooking time is reduced. In winter when sun rays are much inclined to 

horizontal surface, reflector is most useful. The item to be cooked has only to be 

placed inside and taken out, so that with some experience, the operator does not 

have to spend much time in the sun. The disadvantage of box type cooker is that 

it cannot be used for making items like chapatti or frying items like puris which 

require higher temperatures in box type cooker. 

Merits: 

1. No orientation to sun is needed. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

A Standalone SPV system is the one which is not connected to the power 

grid. Standalone PV systems usually have a provision for energy storage. This 

system has battery support to supply the load requirements during the night 
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this way, a Standalone system is connected depending upon whether only AC 

load is present or both AC and DC load are present. 

Standalone SPV System Design: 

The simplest example of standalone SPV system is "the DC load directly 

connected to the SPV module without any control circuitry or any other 

component". An example of this is a DC water Pump connected directly to the 

SPV module as shown in While designing the SPV system there are 3 main 

constraints that we have to take care of are: 

1. Load Requirement ( AC and DC Load Nos of hours of operation) 

2. Battery Capacity 

3. SPV Module wattage 

6. Explain in detail the Grid connected solar PV system. 

 
 

hours or even when sunshine is not adequate (Cloudy conditions) during the  

day. 

The block diagram is the Standalone SPV system. Power is generated when 

sun light falls on the SPV module. This power is given to the MPPT or Charge 

controller block. The function of this block is to control the variation in the output 

of the SPV module and make it suitable for use at the output according to the 

supply required by a load. There are two types of the loads: AC and DC. DC 

components are directly connected to the MPPT or Charge controller block, 

where as the AC appliances are connected through the Battery and inverter. In 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Block diagram of PV system without battery backup 

 

The simplest and most cost effective PV design for most sites is the "Grid-Tie" 

(sometimes referred to as intertied or utility-interactive) system. This system does 
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not provide backup power during a power outage (even if the sun is shining)     

but for sites with reliable grid power, this is usually the logical system choice. 

There are no batteries to store excess power generated--the electric utility 

essentially stores it for you through a system called "net-metering." DC (direct 

current) generated by the  PV  panels  is  converted  into AC  (alternating  

current) power by the inverter (exactly the same high quality AC current delivered 

to  your  site  by  the utility-provided  power  grid).  Output  from  the  inverter      

is connected to your existing distribution panel (breaker panel) which feeds the 

rest of your site. While the system is generating electricity, power needs are 

provided by the PV system (up to its capacity), reducing or eliminating the power 

you would have drawn from the utility grid at that time. During periods when your 

grid-tie system is generating even more energy than your site requires, any 

excess is fed back into the grid for others to use and the electric utility company 

"buys" it from you at the retail rate. They provide credits to your account for all  

the power that is pushed back into the grid through the meter. And your meter will 

literally run backwards! When your site needs to draw more energy than it is 

producing (say, during cloudy conditions or at night), electricity is provided by the 

power grid in the normal manner and is first paid for by your accumulated 

credits. 

GRID-TIE WITH BATTERY BACKUP: 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Block diagram of PV system with battery backup 
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The Grid-Tie with Battery Backup system can also push excess electricity 

produced to the electric utility grid but has the added feature of batteries in order 

to power some selected backup loads when the grid is down. With this benefit 

comes increased complexity, cost and maintenance requirements. 

The "Grid-Tie With Battery Backup" PV system incorporates one or more 

special AC circuits which are not directly connected to the electric grid like the 

rest of the building, but are always powered through the inverter and/or charge 

controller. These circuits may power a refrigerator, selected lights, computers or 

servers... any devices the owner deems essential. The "dual function" inverter 

can supply the utility grid with any excess power produced by the system like   

the "grid-tie" inverter, plus the inverter works with the PV modules and battery 

bank (through the charge controller) to provide AC power to the backup circuits 

when the grid is down. The charge controller manages the battery voltage, 

keeping them fully charged when the grid is live, and preventing them from being 

depleted when the system is drawing power from them. 
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Define power co-efficient. 

The fraction of the flow wind power that can be extracted by a rotor is 

called the power co-efficient. Power co-efficient= Power of wind turbine/power 

available in the wind. 

List out the merits of WECS. 

It is a renewable source of energy like all forms of solar energy, wind 

power systems are non-polluting, so it has no adverse influence on the 

environment. Wind energy systems avoid fuel provision and transport. On a 

small scale up to few kilowatt system is less costly. On a large scale costs can 

be competitive with conventional electricity and lower costs can be 

competitive with conventional electricity and lower costs could be achieved by 

mass production. 

What are the components of wind turbine generator units? 

A wind turbine unit consists of the following major assemblies: a wind 

turbine with vertical axis of blade, gear chain, an electrical generator, 

electrical and mechanical auxiliaries, control panels, etc. 

What is cut in speed and cut-out speeds for turbine? 

 
 

UNIT V WIND ENERGY 

PART A 

1. What are the features of VAWT? 

i. It can accept wind from any direction eliminating the need of yaw 

control 

ii. The gearbox, generator, etc., are lacated at the ground, thus 

eliminating the heavy nacelle at the top of the tower, thus simplifying 

the design and installation of the whole structure, including the tower. It 

also reduces the overall cost. 

2. 
 
 
 
 
 
 

3. 
 
 
 
 
 
 
 
 
 
 
 
 
 

4. 
 
 
 
 
 
 

5. 

Cut in speed 

Wind speed at which wind turbine starts delivering shaft power. 

While operating- 7 m/s 

While stopping – 5 m/s 

Cut out speed 

At high velocities during storms, it is necessary to cut out the power 

conversion of wind turbine by furling the wind turbine blades. The speed at 
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which power conversion is cut out is called cut out wind speed or furling wind 

speed. 

Cut out speed: 

While operating- 20m/s 

While stopping - 17 m/s 

Rated speed- 14 m/s 

6. Mention the advantages of vertical axis wind turbine over horizontal axis 

They will react to wind from any direction and therefore do not need yawing 

equipment to turn the rotor into the wind. They can require less structural 

support because heavy components can be located at ground level. This 

configuration also eases installation and maintenance. Since the blades do 

not turn end over end, the rotor is not subjected to continue cyclic gravity 

loads. 

7. Explain the principle of wind energy conversion. 

There are two primary physical principles by which energy can be 

extracted from the wind; these are through the creation of either lift or drag 

force (or combination of two) 

8. Define the term gust in wind energy system? [Nov / Dec 2012] 

A sudden strong rush of wind is called gust in wind energy system. 

9. Mention the factors which determine the power in wind. [May 2012] 

i. Velocity of the wind 

Power= ½ v2 ℓ 

ii. A small change in power changes velocity large 

10. Classify the schemes available for electric generation. 

The schemes are available for electric generation is of three categories: 

i. Constant speed constant frequency systems(CSCF), 

ii. Variable speed constant frequency systems(VSCF), 

iii. Variable speed variable frequency systems(VSVF) 

PART B 

1. Explain the working principle of wind energy conversion system. 

[May/June14&15] 

Converts kinetic energy in moving air (wind) into electrical energy. If 

mechanical energy is directly used it is called a wind mill. Winds are essentially 

caused by the solar heating of the atmosphere. They carry enormous quantity of 
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energy. Wind as a source of power is very attractive because it is plentiful, 

inexhaustible, renewable and non-polluting. There is no depletion of scarce 

resources Further, it does not impose extra burden on the environment. 

The Figure illustrates the two types of turbines and typical subsystems for an 

electricity generation application. The subsystems include a blade or rotor, which 

converts the energy in the wind to rotational shaft energy; a drive train, usually 

including a gearbox and a generator, a tower that supports the rotor and drive 

train, and other equipment, including controls, electrical cables, ground support 

equipment, and interconnection equipment. 

Figure shows the various parts of a wind-electric generating power plant. 

These are: 

1. Wind turbine or rotor. 

2. Wind mill head – it houses speed increaser, drive shaft, clutch, 

coupling etc 

3. Electric generator. 

4. Supporting structure. 

 
 
 
 
 
 
 
 
 
 
 
 
 

The wind mill head performs the following functions: 

(i) It supports the rotor housing and the rotor bearings. 

(ii) It also houses any control mechanism incorporated like changing 

the pitch of the blades for safety devices and tail vane to orient the 

rotor to face the wind, the latter is facilitated by mounting it on the top  

of the supporting structure on suitable bearings. 

The wind turbine may be located either unwind or downwind of the power. In 

the unwind location the wind encounters the turbine before reaching the tower. 

Downwind rotors are generally preferred especially for the large aero generators. 
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The supporting structure is designed to withstand the wind load during gusts. 

Its type and height is related to cost and transmission system incorporated. 

Horizontal axis wind turbines are mounted on towers so as to be above the level 

of turbulence and other ground related effects. 

2. Explain in detail about the major types of wind machines 

Wind machines (aero generators) are generally classified as follows: 

1. Horizontal axis wind machines. 

2. Vertical axis wind machines. 

HORIZONTAL AXIS WIND MACHINES. 

Figure shows a schematic arrangement of horizontal axis machine. Although 

the common wind turbine with horizontal axis is simple in principle yet the design 

of a complete system, especially a large one that would produce electric power 

economically, is complex. It is of paramount importance‘s that the components 

like rotor,transmission, generator and tower should not only be as efficient as 

possible but they must also function effectively in combination. 

 
 
 
 
 
 
 
 
 
 
 

 
WIND ELECTRIC GENERATORS (WEG) 

Wind electric generator converts kinetic energy available in wind to electrical 

energy by using rotor, gear box and generator. The wind speed is the most 

important factor influencing the amount of energy a wind turbine can produce. 

Increasing wind velocity increases the amount of air passing the rotor, which 

increases the output of the wind system. 

In order for a wind system to be effective, a relatively consistent wind flow is 

required. Obstructions such as trees or hills can interfere with the wind supply to 

the rotors. To avoid this, rotors are placed on top of towers to take advantage of 

the strong winds available high above the ground. The towers are generally 
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placed 100 metres away from the nearest obstacle. The middle of the rotor is 

placed 10 metres above any obstacle that is within 100 metres. 

VERTICAL AXIS WIND MACHINES. 

 
 
 
 
 
 
 
 
 

Figure shows vertical axis type wind machine. One of the main advantages of 

vertical axis rotors is that they do not have to be turned into the wind stream as 

the wind direction changes. Because their operation is independent of wind 

direction, vertical axis machine are called panemones. 

3. Explain the various factors to be considered for the erection of WECS. 

1. Pumping water for drinking and irrigation purpose. 

2. Grinding grain 

3. Generation of power etc. 

Factors affecting the wind: 

1. Latitude of the place 

2. Attitude of the place 

3. Topography of the place 

4. Scale of the hour, month or year 

Suitable places for the erection of wind mills: 

1. Off shore and on the sea coast: wind energy availability – 2400 kWH/m2 

2. Mountains: 1600 kWH/m2/year 

3. Plains: - 750 kWH/m2/year 

Places unsuitable for wind mills: 

1. Humid equatorial region: Wind velocity is minimum. 

2. Warm, windy region: Frequency of cyclones is more. 

Advantages of wind energy: 

1. It is a renewable source of energy 

2. Non polluting and no adverse influence on the environment. 

3. Cost of electricity under low production is comparatively low. 
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Disadvantages of wind energy: 

1. It is dilute and fluctuating in nature 

 
 

4. Explain the classification of WECS. 

There are number of ways to classifying the WECs. Following are the main 

types of classifications of WECs: 

 According to size of Electrical Power Output. 

1) Small size (up to 2kW) 

2) Medium Size (2-100 kW) 

3) Large Size (100 kW and up) 

 According to type of electrical power output 

There are mainly following three classes of generators: 

1) D.C. generators 

2) Synchronous generators 

3) Induction generators 

 According to Rotational Speed of Aero turbines 

Several kinds of generator technologies have been developed and 

they are: 

1) fixed speed system 

2) Fully Variable Speed System 

3) Limited Variable-speed systems 

 According to the orientation of turbines 

1) Horizontal Axis wind turbines (HAWT) 

2) Vertical Axis wind turbines (VAWT) 

5. Explain the components of a WECS 

The major components of a typical wind energy conversion system include a 

wind turbine, generator, interconnection apparatus and control systems. Wind 

turbines can be classified into the vertical axis type and the horizontal axis type. 

Most modern wind turbines use a horizontal axis configuration with two or three 

blades, operating either down-wind or up-wind. A wind turbine can be designed 

for a constant speed or variable speed operation. 

Variable speed wind turbines can produce 8% to 15% more energy output as 

compared to their constant speed counterparts, however, they necessitate power 

electronic converters to provide a fixed frequency and fixed voltage power to their 
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loads. Most turbine manufacturers have opted for reduction gears between the 

low speed turbine rotor and the high speed three-phase generators. Direct drive 

configuration, where a generator is coupled to the rotor of a wind turbine directly, 

offers high reliability, low maintenance, and possibly low cost for certain turbines. 

Wind 

To load 
 
 
 

Pitch Gen. 
Control Yaw control Temp 

 
 

speed 
 

 

 

 

 

Several manufacturers have opted for the direct drive configuration in the 

recent turbine designs. At the present time and in the near future, generators for 

wind turbines will be synchronous generators, permanent magnet synchronous 

generators, and induction generators, including the squirrel cage type and wound 

rotor type. 

For small to medium power wind turbines, permanent magnet generators and 

squirrel cage induction generators are often used because of their reliability and 

cost advantages. Induction generators, permanent magnet synchronous 

generators and wound field synchronous generators are currently used in various 

high power wind turbines. Interconnection apparatuses are devices to achieve 

power control, soft start and interconnection functions. Very often power 

electronic converters are used as such devices. 

Most modern turbine inverters are forced commutated PWM inverters to 

provide a fixed voltage and fixed frequency output with a high power quality. Both 

voltage source voltage controlled inverters and voltage source current controlled 

inverters have been applied in wind turbines. For certain high power wind 

turbines, effective power control can be achieved with double PWM (pulse width 

modulation) converters which provide a bi-directional power flow between the 

turbine generator and the utility grid. 

Electrical 

generator 

Gearing 

and 

coupling 

Wind 

Turbine 

Controller 


	2. What are the applications of electrical drives?
	3. What are the advantages of electric drives?
	4. Mention the different factors for the selection of electric drives.
	[May2013 & 2014]

	5. What are the parts of electrical drives? [May 2014]
	6. What are the advantages of electric traction system? [Dec 2013]
	8. Write the formula for tractive effort of an electric train? [April 2014]
	9. What are the disadvantages of electric traction [May 2013]
	10. What are the recent trends in electric traction? [April 2014]
	12. What are the requirements for an electric traction system? [Dec 2012]
	13. What are the features of electric traction? [May 2012]
	14. What is average speed?
	PART B
	1. Availability of Electrical Supply
	2. Nature of Operation characteristics of Electric drive motors
	3. Economic Consideration
	a) Initial cost:
	b) Running cost :
	4. Type of the Drive system
	5. Types of Load
	6. Mechanical considerations
	7. Environmental Considerations
	8. Load – With standing Capability of motors
	Braking:
	There are two types of braking:
	Electrical braking:
	Various types of electrical braking are:
	Plugging:
	Machine operates as motor during Plugging
	Plugging applied to DC motors:
	Series motors:
	Speed and braking torque
	Rheostatic braking
	Regenerative braking:
	D.C motors:
	Three phase induction motor:
	3. 3Φ Induction motor.
	3. (ii) The maximum torque of a 440v, three phase four pole 60c/s IM is 400 N-m at a slip of 0.1 If the motor works at 50c/s , 400 V supply, find the maximum torque , slip and the speed at which it occurs. Neglect stator impedance.
	1. Non-electric traction systems:
	2. Electric traction systems:
	Example:
	4. ii) State the requirements of an ideal electric traction system
	[April 2014]

	4. iii) List the various sources of Electric traction Electric traction systems may be broadly categorized as those operating on:
	4.iv) State advantage and disadvantage of electric traction.
	Disadvantages of electric traction:
	5. Explain the supply system for the electric traction system
	(i) D.C system
	(ii) Single phase A.C. system
	(iii) 3 Phase A.C' system
	6.(i) With the aid of transmission of tractive effort, describe the mechanism of train movement.
	(ii) Simplified speed - time curve
	Average speed
	Schedule speed
	Mechanism train movement
	6. ii) A train runs an average speed of 50 kmph. Distance between stations is 2.5Km.Values of acceleration and retardation are 1.8 Kmphps and 2.4 Kmphps respectively. Calculate the maximum speed of the train assuming trapezoidal speed-time curve. [Dec...
	UNIT II ILLUMINATION PART A
	5. What is the importance of street lighting system? [Dec 2012]
	6. Specify any four energy efficient lamps. [Dec 2013]
	7. Why tungsten is used as filament material [Dec 2013]
	PART-B
	Law of Inverse squares:
	Inverse square law
	LAWS OF ILLUMINATION:
	3. Explain the working and construction of sodium vapour lamp.
	[June 2012]

	4. Discuss about the various factors that affect the design of lighting system. [June 2013]
	The most common methods used for lighting calculations are:
	Design of lighting system:
	Indirect lighting:
	Industrial Luminaries:
	Categories of Explosive Areas:
	ROAD LIGHTING:
	FLOOD LIGHTS:
	INTERIOR LIGHTING:
	SPORTS LIGHTING:
	6 (ii) Two lamps posts are 14m apart and are fitted with 200c.p. lamp each at a height of 5m above the ground. Calculate :
	3. What is meant by resistance welding? [May2013]
	4. Give the methods of control temperature in arc furnace? [Dec 2012]
	5. List some steps taken to minimize skin effect in induction heating?
	[Dec 2012]

	6. Mention the applications of dielectric heating? [Dec 2013]
	7. What is meant by electric arc welding? What are the different types of electrodes used and its applicability? [April 2014]
	8. Draw voltage versus current characteristics of welding transformer.
	[Dec 2013]

	10. What are the different types of resistance welding?
	PART-B (1)
	[April 2014]

	This type of furnace has the following drawbacks:
	INDIRECT CORE TYPE INDUCTION FURNACE:
	CORELESS INDUCTION FURNACE:
	ADVANTAGES:
	Applications of Induction Heating
	Advantages of Induction Heating
	2. Explain Ajax-wyatt furnace. [April 2015] AJAX WYATT VERTICAL CORE TYPE FURNACE:
	ADVANTAGES: (1)
	APPLICATIONS:
	ELECTRIC WELDING:
	TYPES OF ELECTRIC WELDING:
	2. Arc welding
	RESISTANCE WELDING:
	BUTT WELDING:
	II) SPOT WELDING:
	III) ARC WELDING:
	IV) METAL ARC WELDING:
	4. Explain the various types of resistance heating. [May 2012]
	DIRECT RESISTANCE HEATING:
	ADVANTAGES: (2)
	APPLICATION:
	INDIRECT RESISTANCE HEATING:
	5. Explain the principle and working of welding generator and welding transformer. [Dec2012/April 2015]
	WELDING TRANSFORMER:
	SPECIAL FEATURES:
	UNIT IV SOLAR RADIATION AND SOLAR ENERGY COLLECTORS PART A
	2. Define solar constant.
	3. What is meant by solar collector? Mention its types.
	4. What are the indirect forms of solar energy?
	5. List out the advantages of flat plate collector.
	6. List the application of solar PV system.
	7. What are the disadvantages of solar cells?
	8. What is concentration ratio?
	9. What are the two types of flat plate collectors?
	10. Write the equation for overall efficiency of solar pump.
	PART B (1)
	SOLAR CELL
	SOLAR CELL WORKS IN FOLLOWING STEPS.
	WORKING:-
	2. Explain Flat plate collector and cylindrical parabolic concentrator collector with neat sketch.
	a) Liquid flat plate collector:
	b) Liquid flat plate collector
	3. Explain cylindrical parabolic concentrator collector with neat sketch.
	a) Cylindrical parabolic concentrating collector:
	b) Paroboloid concentrating collector:
	4. Describe the various methods of solar cooking.
	b) Box type cooker with reflector:
	Merits:
	Block diagram of PV system without battery backup
	GRID-TIE WITH BATTERY BACKUP:
	UNIT V WIND ENERGY PART A
	Cut in speed
	Cut out speed
	Cut out speed:
	7. Explain the principle of wind energy conversion.
	9. Mention the factors which determine the power in wind. [May 2012]
	10. Classify the schemes available for electric generation.
	PART B (2)
	2. Explain in detail about the major types of wind machines
	HORIZONTAL AXIS WIND MACHINES.
	WIND ELECTRIC GENERATORS (WEG)
	VERTICAL AXIS WIND MACHINES.
	3. Explain the various factors to be considered for the erection of WECS.
	Factors affecting the wind:
	Suitable places for the erection of wind mills:
	Places unsuitable for wind mills:
	Advantages of wind energy:
	Disadvantages of wind energy:
	4. Explain the classification of WECS.
	 According to size of Electrical Power Output.
	 According to type of electrical power output
	 According to Rotational Speed of Aero turbines
	 According to the orientation of turbines
	5. Explain the components of a WECS

