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  Kd= Distribution factor 

  T = No of turns connected in series in each phase. 

3 

Two reaction theory is applied only to salient pole machines. State the reason. (Nov/Dec 

2014) BTL 1 

According to two reaction theory, the armature mmf Fa is resolved in to two components, 

one along the d-axis and another along q-axis. d-axis reactance can be obtained from occ and 

scc. 

q
qddaatf

IjXIjXRIVE   

The current Ia lags terminal voltage Vt by Φ. Then add Ia Ra in phase with Ia to Vt. The drop 

Id Xdleads Id by 90o as in case purely reactive circuit current lags voltage by 90o i.e. voltage 

leads current by 90o . Similarly the drop Iq Xq  leadsXq  by 90o . The total e.m.f. is Ef.  

4 

List the advantages of salient pole type construction used for Synchronous 

machines.BTL 1 

Advantages of salient-pole type construction are: 

➢ The pole faces are so shaped that the radial air gap length increases from the 

pole center to the pole tips so that the flux distribution in the air-gap is sinusoidal 

in shape which will help the machine to generate sinusoidal emf. 

➢ Due to the variable reluctance the machine develops additional reluctance 

power which is independent of excitation. 

➢ They allow better ventilation. 

5 

How does electrical degree differ from mechanical degree? BTL 1 

Mechanical degree is the unit for accounting the angle between two points based on their 

mechanical or physical placement. Electrical degree is used to account the angle between 

two points in rotating electrical machines. Since all electrical machines operate with the help 

of magnetic fields, the electrical degree is accounted with reference to the magnetic field. 

180 electrical degree is accounted as the angle between adjacent North and South poles. 

                     1 degree electrical = (P/2) mechanical degree. where P = No. of poles 

6 

Why short pitch winding is preferred over full-pitch winding? BTL 2 

➢ Waveform of the emf can be approximately made to a sine wave and distorting   

harmonics can be reduced or totally eliminated. 

➢ Conductor material, copper is saved in the back and front-end connections due 

to less coil-span. 

➢ Fractional slot winding with fractional number of slots/phase can be used which 

in turn reduces the tooth ripples. 

➢ Mechanical strength of the coil is increased. 

7 

Why Alternators rated in kVA and not in kW? BTL 2 

The continuous power rating of any machine is generally defined as the power of the 

machine or apparatus can deliver for a continuous period so that the losses incurred in the 

machine gives rise to a steady temperature rise not exceeding the limit prescribed by the 

insulation class. Apart from the constant loss incurred in Alternators is the copper loss, 

occurring in the 3 –phase winding which depends on I2 R, the square of the current delivered 

by the generator. As the current is directly related to apparent – power delivered by the 

generator, the Alternators have only their apparent power ratings in VA/kVA/MVA. 
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8 

Write short note on "single layer" and “double layer" winding. (Nov/Dec 2011) BTL 2 

In single layer winding, there- is only one coil side per slot- But in double layer winding, in 

each slot there are two coil sides namely upper coil side and lower coil side. Hence, in single 

layer winding, the number of coils is half the number of slots, but in double layer winding, 

the number of coils is equal to the number of slots. 

9 

Where the damper windings are located? What are their functions? (Nov/Dec 2011) 

BTL 3 

Damper windings are provided in the pole shoes of the salient pole rotor. Slots or holes are 

provided in the pole shoes. Copper bars are inserted in the slots and the ends of all the bars in 

both the sides are short circuited by copper end rings to have a closed circuit. These 

windings are useful in preventing the hunting in alternators; they are also needed, in 

synchronous motor to provide the starting torque. 

10 

List the causes of changes in terminal voltage of Alternators when loaded. (Nov/Dec 

2012) BTL 1 

Variations in terminal voltage in Alternators on load condition are due to the following three 

causes: 

➢ Voltage drop due to the resistance of the winding, IR. 

➢ Voltage drop due to the leakage reactance of the winding, IXl. 

➢ Voltage variation due to the armature reaction effect, IXa. 

11 

What is meant by armature reaction in Alternators? (Nov/Dec 2013) BTL 2 

The effect of armature flux on the flux produced by the field ampere turns is called as 

armature reaction. 

12 

Define synchronous reactance. BTL2 

Synchronous reactance Xs= (Xl + Xa) 

The value of leakage reactance Xl is constant for a machine based on its construction. Xl 

depends on saturating condition of the machine. Xa, which represent the armature reaction 

effect between two synchronously acting magnetic fields. The sum of leakage flux and 

armature reaction reactance makes the total reactance XS to be called synchronous reactance. 

13 

What is meant by synchronous impedance of an Alternator?BTL 2 

The complex addition of resistance, R and synchronous reactance, jXs can be represented 

together by a single complex impedance Zs called synchronous impedance. 

     In complex form Zs = (R + jXs ) 

In polar form Zs = | Zs | Θ 

Where Θ= tan-1 (Xs /R). 

14 

Define load angle of an Alternator. BTL 1 

The phase angle introduced between the induced emf phasor, E and terminal voltage phasor 

(V), during the load condition of an Alternator is called load angle. 

15 

Define the term voltage regulation of Alternator. (Nov/Dec 2013)BTL 1 

The voltage regulation of an Alternator is defined as the change in terminal voltage from no-

load to load condition expressed as a fraction or percentage of terminal voltage at load 

condition; the speed and excitation conditions remaining same. 

16 

Why the synchronous impedance is called as pessimistic method? BTL 2 

Compared to other methods, the value of voltage regulation obtained by the synchronous 

impedance method is always higher than the actual value and therefore this method is called 

the pessimistic method. 
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17 

Why the MMF method is called as the optimistic method? BTL 2 

Compared to the EMF method, MMF method, involves more number of complex calculation 

steps. Further the OCC is referred twice, SCC is referred once while predetermining the 

voltage regulation for each load condition. Reference of OCC takes care of saturation effect. 

As this method require more effort, the final result is very close to the actual value. Hence 

this method is called optimistic method. 

18 

State the condition for connecting two alternators in parallel. BTL 1 

The following are the three conditions that is to be satisfied by synchronizing the additional 

alternator with the existing one or the common bus-bars. 

➢ The terminal voltage magnitude of the incoming Alternator must be made 

equal to the existing Alternator or the bus-bar voltage magnitude. 

➢ The phase sequence of the incoming Alternator voltage must be similar to the 

bus-bar voltage. 

➢ The frequency of the incoming Alternator voltage must be the same as the 

bus-bar voltage. 

19 

List the factors that affect the load sharing in parallel operating generators.BTL 1 

The total active and reactive power delivered to the load, connected across the common bus-

bars, are shared among Synchronous generators, operating in parallel, based on the following 

three factors 

➢ Prime-mover characteristic/input  

➢ Excitation level and 

➢ Percentage synchronous impedance and its R/X ratio 

20 

State briefly about infinite bus-bars.(May/June 2014) BTL 2 

The source or supply lines with non-variable voltage and frequency are called infinite bus-

bars. The source lines are said to have zero source impedance and infinite rotational inertia. 

21 

What is meant by armature reaction? (Nov/Dec 2013) BTL 2 

The load currents flowing in the stator winding usually generate a magnetic field which 

opposes the magnetic field generated by the excitation (field) winding, reducing the total 

airgap   field and the terminal voltage. In order tocounteract this reaction effect from the 

stator currents, the field current has to be adjusted (usually increased). 

22 

Why the field system of an alternator made as a rotor? (April/May 2012) BTL 2 

Number of brush, voltage drop across the brush, number of phases of windings in rotor and 

weight of rotor are reduced. 

23 

What is synchronizing power of an alternator? (April/May 2012) BTL 2 

When two alternators are operated parallel after synchronism, suppose due to change in input 

parameter of second alternator it acts as motor, first alternator supplies power to second 

alternator. That power is called as synchronous power.   

 

24 

How will you distinguish between the two types of large synchronous generator from 

their appearance? (May/June 2014) BTL 4 

➢ Salient pole type, the pole is projected out from the surface of the rotor and   are 

characterized by large diameters and short axial length 

➢ Non-salient type, the poles are non-salient (i.e.) they do not project out from the 

surface of the rotor. 
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25 

Distinguish the use of salient pole and round rotor synchronous machines. (May/June 

2015) BTL 4 

 

salient pole round rotor 

Rotor poles are projected  Smooth cylindrical type rotor 

Mechanical strength is low Mechanical strength is high 

It has large diameter and small 

axial length  

It has small diameter and large 

axial length  

This type of rotor used for low 

speed applications   

This type of rotor used for high 

speed applications   

Operating noise is high Operating noise is low 

Non uniform airgap between stator 

and rotor  

Uniform airgap between stator and 

rotor  
 

26 

Draw typical open circuit and short circuit characteristics of synchronous machine. 

(May/June 2015) BTL 1 

 
 PART * B 

1 

Explain the construction and working principle of synchronous generator with neat 

diagram.(Nov 2018,  May 2018)  (13M) BTL 1 

Answer: Page 1.3 to 1.5 - J. Gnanavadivel 

Construction:  

Principle:(2M) 

➢ Conductor cuts magnetic flux. 

➢ Dynamically induced emf is produced. 

➢ Faraday’s laws of Electromagnetic Induction.  

➢ Current flow in the conductor.  

 

 

Construction: (5 M) 

Stator 

➢ Stator stationary member.  

➢ Cylinder inside which rotor rotates. 

➢ Air gap between the stator and the rotor. 

➢ Armature windings are housed in the slots cut the stator 
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Diagram: (3M) 

 

 

 
 

Rotor 

➢ Two types of rotor. 

➢ Cylindrical type rotor and salient pole. 

➢ Cylindrical pole rotor has dc field winding. 

➢ Cylindrical rotor provides greater mechanical strength  

➢ Used in high speed turbo generators. 

➢ Salient pole rotors have projecting poles.  

➢ Projecting poles lessen its mechanical strength. 

➢ Used for low speed applications. 

➢ Larger in diameter and smaller in length. 

Principle of operation: (3 M) 

➢ DC excitation provided to the rotor  

➢ Rotor produces a stationary flux in the air gap 

➢ Which links stator winding. 

➢ Generator converts mechanical energy into electrical energy.  

➢ Rotor is rotated produces a sinusoidalflux  in air gap. 

➢ links the armature windings and induces sinusoidally alternating emf in it.  

➢ The frequency of the induced emf. 

f = PNs/120 

Where 

P = number of stator poles. 

Ns = Speed of the rotor in rpm. 

2 

Derive the emf equation of alternator. (Nov/Dec 2011 & 2012 & 2013, Nov 2017 Nov 

2018 &2014) (8M)BTL 1 

Answer: Page No. 1.11- J. Gnanavadivel 
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Let              Φ   = Flux per pole, in Wb 

                    P = Number of poles 

                    Ns = Synchronous speed in r.p.m. 

                    f = Frequency of induced e.m.f. in Hz 

                    Z = Total number of conductors 

                    Zph = Conductors per phase connected in series 

...                 Zph  = Z/3 as number of phases = 3.(2M) 

      The average value of e.m.f. induced in a conductor 

                          = dΦ/dt 

       Total flux cut in one revolution is Φ x P 

       Time taken for one revolution is 60/Ns seconds. 

        eavg    per conductor = 2 f Φ volts 

...    e.m.f. per turn = 2 x (e.m.f. per conductor) 

= 4 f Φ volts 

...         Average Eph   = Tph   x (Average e.m.f. per turn) 

...         Average Eph   = Tph   x 4 f Φ 

        

       Kf    = (R.M.S.)/Average = 1.11                ......... for sinusoidal   (3 M) 

       E = 4.44 x f Φ Tph   volts                                                     ........... (2) 

       Tph   = Zph  /2                                               

Actual available voltage/phase=4.44kckd ø fT in Volts (3 M) 

 

3. 

Explain the condition for parallel operation of 3 phase alternator. (Nov/Dec 2012) (5M) 

BTL 2 

Answer:  Page -1.73-  J. Gnanavadivel 

Condition :(5 M) 

Conditions for Paralleling Alternator with Infinite Busbars 

➢ An alternator connected to infinite busbars is synchronizing.  

➢ Induced e.m.f. is zero at standstill and a short-circuit will result. 

Condition: 

➢ Terminal voltage must be same as busbars voltage. 

➢ Frequency must be equal to the busbars frequency.  

➢ Phase sequence of the voltage should be the same as that of the busbars. 

4 

Explain the procedure for POTIER method to calculate voltage regulation of 

alternator. (April/May 2012,  May 2018) (13M) BTL 5 

Answer: Page -1.66 to 1.68 -  J. Gnanavadivel 

➢ Separation of armature leakage reactance and armature reaction. 

➢ Armature leakage reactance XL is called Potier reactance. 

➢ To determine armature leakage reactance and armature reaction m.m.f. separately. 

➢ Two tests are performed. 

• Open circuit test 

• Zero power factor test (3 M) 

Open Circuit Test 
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Fig. 1 

       The steps to perform open circuit test are, 

➢ Switch S is kept open. 

➢ Alternator is driven by its prime mover at its synchronous speed. 

➢ Excitation is varied with the help of potential divide. 

➢ Field current and open circuit voltage noted. 

➢ Draw open circuit characteristics. (3 M) 

Zero Power Factor Test 

➢ Switch S is kept closed.  

➢ Purely inductive load gets connected to an alternator through an ammeter.  

➢ Speed is maintained constant at its synchronous value.  

➢ An alternator will always operate at zero p.f. lagging. 

➢ Plot open circuit characteristics on graph as shown in the Fig. 2. (3 M) 
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Fig. 2 

➢ Draw tangent to O.C.C. through origin which is line OB  

➢ Draw the horizontal line PQ parallel and equal to OA. 

➢ Triangle PQR is called potier triangle. 

➢ From point R, drop a perpendicular on PQ to meet at point S. 

➢ Perpendicular RS gives the voltage drop due to the armature leakage reactance. 

➢ Length PS gives field current to overcome de-magnetizing effect. 

       

 
       Once Eph is known, the regulation of an alternator can be predicted as, 

(4 M) 

 

5 

Explain about the various methods of Synchronization. (April/May 2012,  Nov 2017) 

(13M) BTL 2 

Answer: Page No. 1.73 to 1.76 -  J. Gnanavadivel 

➢ Connecting an alternator to busbars is synchronization.  

➢ Methods of synchronization. 

➢ Three Lamp (one dark, two bright) method (5M) 

➢ Dark Lamp method (5 M) 

➢ By synchroscope(3M) 

Three Dark Lamps Method 

➢ Alternator connected to rated voltage and frequency. 

➢ Three lamps are connected across the switches. 

➢ Speed close to the synchronous speed. 

➢ Decided by the bus bar frequency and number of poles of the alternator. 

➢ Field current of the generator-2 is increased. 

➢ Machine terminals is equal to the bus bar voltage. 

➢ If lamps go ON and OFF concurrently. 

➢ Indicating that the phase sequence of alternator-2. 

➢ If they ON and OFF one after another, incorrect phase sequence. 

➢ By changing the connections of any two leads, phase sequence can be changed. 
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➢ Rate of flickering has to be reduce. 

➢ Adjusting the speed of alternator by its prime mover control. 

➢ Lamps become dark and synchronizing switch can be closed. 

➢ Synchronize alternator-2 with alternator-1. 

Two Bright and One Dark Lamp Method 

➢ Lamp L2 is connected across the pole in the middle line. 

➢ Lamps L1 and L3 are connected in a transposed manner. 

➢ Voltage condition checking is similar to the previous method. 

➢ Lamps glow bright and dark one after another.  

➢ Frequency is determined by the sequence in which the lamps become dark and bright. 

 
➢ Bright and dark L1- L2 – L3 indicates frequency is higher than bus bar frequency.  

➢ Alternator speed has to be reduced till flickering rate is small. 

➢ Flickering L1- L3 – L2 indicates frequency is less than that of bus bar. 

➢ Speed of the alternator is increased till flickering is small as possible.  

➢ The synchronizing switch is then closed. 

➢ Lamps L1 and L3 are equally bright and lamp L2 is dark. 
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Synchroscope Method 

➢ Better accuracy of synchronization. 

➢ It consists of two pairs of terminals. 

➢ One pair of terminals connected across the bus bar terminals. 

➢ Other pair of terminals connected across incoming alternator. 

➢ It has circular dial. 

➢ Rotating in clockwise and anticlockwise directions. 

 

 

 

 

 
➢ Pointer rotates indicates difference of frequency 

➢ Frequency is higher or lower than bus bar frequency. 

Pointer moves either fast or slow. 

➢ Correction to be made to control the speed of alternator. 

6 

Explain how you will determine the d and q axis reactance of a synchronous machine in 

your laboratory. (Nov/Dec 2011,  Nov 2017)(May/June 2014) (13 M) BTL 2 

Answer: Page -1.98 to 1.100-  J. Gnanavadivel 

➢ From this test Xd and Xq are determined. 

➢ Field winding remains unexcited.  

➢ Machine is run less than the synchronous speed. 

➢ Diagram – (3 M) 
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Explanation (10 M) 

➢ Voltage V applied to stator terminal. 

➢ Current I flow causing a stator mmf.  

➢ Stator mmf induced an emf in the field circuit. 

➢ Stator mmf moves slowly relative to poles.  

➢ Axis of the pole and axis of the armature reaction mmf wave coincide. 

➢ Armature mmf acts field magnetic circuit.  

➢ Voltage is constant, air-gap flux would be constant.  

➢ Minimum air-gap offers minimum reluctance. 

➢ Current required in armature for constant air-gap flux must be minimum.  

➢ d-axis synchronous reactance is given by 

• Xd= Maximum armature terminal voltage per phase / Minimum armature current 

per phase. 

• Xq = Minimum armature terminal voltage per phase / Maximum armature current 

per phase. 

7 

A four pole alternator has an armature with 25 slots and 8 conductors per slot and 

rotates at 1500 rpm and the flux per pole is 0.05Wb. Calculate the emf generated, if 

winding factor is 0.96 and all the conductors are in series. (Nov/Dec 2012). (5M) BTL 4 

Answer:  Page1.12-  J. Gnanavadivel 

Frequency, f=(PN)/120=(4*1500)/120=50Hz (2 M) 

Generated emf/phase, E=4.44fΦKwT=4.44*50*0.05*0.96*100=1065.6 V (3 M) 

8 

Explain the EMF method of determining the regulation of an alternator. (Nov/Dec 2012 

& 2014) (13 M) BTL 5 

Answer: Page -1.38 to 1.41-  J. Gnanavadivel 

➢ Also known as synchronous impedance method.  

➢ Magnetic circuit is assumed to be unsaturated.  

➢ MMFs (fluxes) produced by rotor and stator. 

➢ Replaced by equivalent emf. 

➢ Determine armature resistance /phase of the alternator, open circuit and short circuit 
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characteristics. 

Determination of synchronous impedance Zs: Diagram – (3 M) 

 

 
 Explanation (7M) 

➢ Terminals of stator are short circuited in SC test. 

➢ Impedance can be estimated form OC and SC characteristics. 

➢ Synchronous impedance Zs = (open circuit voltage per phase)/(short circuit current 

per phase) for same If Hence Zs = (Voc) / (Isc). 

➢ synchronous impedance Zs = V/Isc 

 
➢ Zs = √[(Ra)2 + (XS)2] and Synchronous reactance Xs= √[( Zs)2 - (Ra)2]  

➢ Induced emf per phase Eg = √[ (Vt cos + IaRa)2+ (Vt sin ± IaXS)2]  

where Vt = phase voltage per phase = Vph, 

Ia = load current per phase  

 + sign is for lagging power factor  

 - sign is for leading power  

➢ V % Regulation = (Eg – Vt) / Vt 

• where Eg = no-load induced emf /phase,  

• Vt = rated terminal voltage/phase  

➢ It gives approximate results.  
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➢ This method is called pessimistic method.  

Phaser Diagram (3M) 

 
 

9 

Explain the phenomenon of armature reaction in alternator for different load power 

factors.(April/May2012) (Nov/Dec2015) (13 M) BTL 2 

Answer: Page No. 1.31 to 1.33 - J. Gnanavadivel 

➢ Alternator is running at no-load. 

➢ No current flowing through the armature winding.  

➢ Flux produced in air-gap. 

➢ Alternator is loaded, three-phase currents produce a magnetic field in air-gap.  

➢ Air-gap flux is changed from no-load condition.  

➢ Effect of armature flux is called armature reaction.  

➢ First, armature flux and flux produced by rotor ampere-turns. 

➢ Rotate at the same speed and same direction. 

➢ Two fluxes are fixed in space relative to each other. 

➢ Power factor which determines whether armature flux distorts, opposes or helps the flux. 

➢ To illustrate this important point: 

• When load p.f. is unity 

• When load p.f. is zero lagging 

• When load p.f. is zero leading   (3 M) 

When load p.f. is unity(3 M) 

 
➢ Armature is on open-circuit, there is no stator current. 

➢ Flux due to rotor current is distributed in air-gap as shown in Fig: 1 (d). 

➢ Direction of the rotor is assumed clockwise, the generated e.m.f. in phase. 

➢ No armature flux is produced since no current flows in the armature winding. 
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➢ When a resistive load (unity p.f.) is connected across the terminals. 

➢ Armature flux is clockwise due to currents in the top conductors. 

➢ Anti-clockwise due to currents in the bottom conductors. 

➢ Armature flux is at 90° to the main flux and is behind the main flux.  

➢ In this case, the flux in the air-gap is distorted but not weakened.  

➢ Unity p.f., the effect of armature reaction is merely to distort the main field. 

➢ No weakening of the main field and the average flux practically remains the same. 

➢ Since the magnetic flux due to stator currents. 

When load Power Factor is Zero lagging :(3 M) 

➢ Pure inductive load is connected across the terminals. 

➢ Current in phase R1R2 will not reach its maximum. 

➢ Armature flux is from right to left and field flux is from left to right. 

➢ All the flux produced by armature current opposes be field flux. 

➢ Therefore, weakens it.  

➢ Armature reaction is directly demagnetizing.  

➢ Hence at zero p.f. lagging, armature reaction weakens the main flux.  

➢ Causes a reduction in the generated e.m.f.  

When load Power Factor is Zero leading (4 M) 

➢ Capacitive load (zero p.f. leading) is connected across the terminals. 

 
➢ Effect of armature reaction will be reverse that for pure inductive load.  

➢ Armature flux now aids the main flux and the generated e.m.f. is increased.  

➢ Note that e.m.f. as well as current in phase R1R2 is maximum. 

➢ Maximum current in R1R2 will occur 90° electrical. 

➢ Armature flux is now in same direction as field flux. 

➢ Therefore, strengthens it.  

➢ Causes an increase in generated voltage.  

➢ Hence at zero p.f. leading, armature reaction strengthens the main flux.  

 

 PART * C 

1 

A 11 kV, 1000 kVA, 3-phase, star connected alternator has a resistance of 2 Ω per 

phase. The open-circuit and full load zero power factor characteristics are given 

below.  Find the voltage regulation of the alternator for full load current at 0.8 pf 

lagging by potier method.(15 M) BTL 4 

 

Field current (A) 40 50 110 140 180 
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OCC line voltage 5800 7000 12500 13750 15000 

Line volt zero p.f 0 1500 8500 10500 12500 

 

Answer: Page –1.68 -  J. Gnanavadivel 

The OCC and full load zero power factor curve for phase voltage are drawn figure.  The 

corresponding phase voltages are 

 
Field current (A) 40 50 110 140 180 

OCC phase voltage 3350 4040 7220 7940 8660 

Phase volt zero p.f 0 866 4900 6060 7220 

 

 

 

 

 

➢ Full load current = (1000 * 103) / (√3 * 11000) = 52.5 A 

➢ Phase voltage = 11000 / √3 = 6350 V 

➢ In potier triangle ABC, AC = 40 A, CB is parallel to the tangent to the initial portion of 

the OCC and BD is perpendicular to AC. 

➢ BD = Leakage reactance drop IXL = 1000 V by measurement 

➢ AD = 30 A – field current required to overcome demagnetizing effect armature reaction 

on full load. 

➢ From the figure, 

OA = 6350, AB = IRa = 52.5 * 2 = 105 V 

➢ IXL = BC = 1000 V 

 

➢ OC = √ [( V cos φ + I Ra)2 + (V sin φ +  IXL )
2](5 M) 

 

 
                                                                                                    (3 M) 

 

 

➢ E = √[ ( 6350*0.8 + 105)2 + (6350 * 0.6 + 1000)2] 

= 7072 V   (5 M) 

➢ As seen from OCC field current required for 7072 V is 108 A.  Vector OD represents 

108 A and is drawn perpendicular to OC. DF represents 30 A and is draw parallel to 

OI or at (90 + 36.86 = 126.86) with OD.  The total field current is OF. 
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➢ OF = √[ 1082 + 302 + 2*108*30*cos 53.14] = 128 A 

 

➢ From OCC it is found that the emf corresponding to this field current is 7700 V. 

➢ Eg = 7700 V 

➢ % Regulation = (7700 – 6350) * 100 / 6350 

= 21.3 %(5 M) 

 

2 

A 3-Phase,star-connected,1000KVA,11,000V alternator has rated current of 52.5A.The 

ac resistance of the winding per phase is 0.45Ω.The test results are given below:  

 OC Test: field current = 12.5A,voltage between lines = 422V. 

 SC Test: field current = 12.5A, line current = 52.5A 

 Determine the full load voltage regulation of the alternator 

(i) 0.8 pf lagging and (ii) 0.8 pf leading.(May/June 2014) (15 M) BTL 4 

Answer: Page -  J. Gnanavadivel 

 

(i) Answer: For 0.8 lagging
22

)sin()cos(
sao

IXVIRVE     (2 M) 

(ii) Voltage regulation   = 19.96 %   (6 M)   

(iii) For 0.8 leading
22

)sin()cos(
sao

IXVIRVE     (2 M) 

(iv) Voltage regulation =  - 11. 276 %   (5 M) 

3 

A three phase, star connected,1000 kVA, 2000V, 50Hzalternator gave the following 

open circuit and short circuit test readings:  

Field current(A): 10 20 25 30 40 50 

O.C. voltage(V): 800 1500 1760 2000 2350 2600 

S.C.armature 

current(A): 

- 200 250 300 - - 

The armature effective resistance per phase is 0.2Ω. Draw the characteristic curves and 

determine the full load percentage regulation at i.0.8 p.f lagging, ii. 0.8 p.f leading by 

MMF method.(15 M) BTL 4 

Answer: Page - 1.61 to 1.62-  Dr. Gananvadivel 
 

 
Graph  (5 M) 
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➢ The phase voltages are: 462, 866, 1016, 1357, 1502 

➢ Full load phase voltage = 2000/√3 = 1155 V 

➢ Full load current = 1000000/(2000*√3) = 288.7 A 

➢ Voltage/phase at full load at 0.8 pf 

=V + IRa cos φ 

= 1155 + (288.7 * .02 * 0.8) = 1200 V 

➢ From open circuit curve, it is found that field current necessary to produce this 

voltage = 32 A. 

• From short circuit characteristics it is found that field current necessary to 

produce full load current 288.7 A s 29 A From figure AB = 32 A, BC = 29 A 

and is at an angel of (90 + 36.86) = 126.86 with AB 

• The total field current at full load 0.8 pf lagging is AC = 54.6 A 

• Open circuit volt corresponding to a field current of 54.6 A is = 1554 V 

• % Regulation = (1555 -1155)*100 / 1155 

➢ Cos φ = 0.8,  φ = 36.86 

% Voltage regulation =  34.6 %                                    (5 M)  

➢ As power factor is leading, BC is drawn with AB at an angle of  

90 – 36.86 = 53.14 A 

➢ AC = 27.4 A 

➢ Open circuit voltage corresponding to 27.4 A of field excitation is 1080 V 

➢ % Regulation = (1080 – 1155) * 100 / 1155 

➢ % Voltage regulation =  - 6.4 %                                     (5 M) 

4 

Explain the MMF method of evaluating the voltage regulation of alternator. (May/June 

2015,  Nov 2018,  Nov 2017) (15 M) BTL 6 

Answer:  page - 1.38 to 1.4 -  J. Gnanavadivel 

Explanation – (10M) 

 

➢ This method is also known as amp - turns method. 

➢ Emfs produced by rotor and stator are replaced by their equivalent. 

➢ Assumed that magnetic circuit is unsaturated.  

➢ Reactance drops are replaced by their equivalent mmfs. 

➢ Emf method OC and SC characteristics are used for determination of regulation by mmf 

method. 

Phasor Diagram (3 M) 
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➢ From phasor diagram mmf required to produce emf E1= (V + IRa) is FR1. 

➢ Large machines resistance drop may neglected.  

➢ Mmf required to overcome reactance drops is (Fa+Fal). 

➢ Mmf (Fa+Fal) can be found from SC characteristic 

 

Following procedure can be used for determination of regulation by mmf method.  

➢ By conducting OC and SC test plot OCC and SCC. 

➢ From OCC find field current If1 required to produce voltage, E1= (V + IRa). 

➢ From SCC find magnitude of field current If2 (Fa+Fal) to produce armature current. 

➢ Fa+Fal can also found from ZPF characteristics.  

➢ Draw If2 at angle (90+) from If1. 

➢ If current is leading, take the angle of If2 as (90-).  

➢ Determine resultant field current, If and mark its magnitude on the field current axis.  

➢ From OCC. find voltage corresponding to If, which will be E0. 

➢ Find regulation.   
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 UNIT II SYNCHRONOUS MOTOR 

 

Principle of operation – Torque equation – Operation on infinite bus bars - V and Inverted V 

curves – Power input and power developed equations – Starting methods – Current loci for 

constant power input, constant excitation and constant power developed-Hunting – natural 

frequency of oscillations – damper windings- synchronous condenser. 

 PART * A 

Q.N

o. 
Questions 

1 

Name the methods of starting a synchronous motor. (May/June 2014) BTL 1 

➢ By an extra 3 phase induction motor 

➢ By providing damper winding in pole shoes 

➢ By operating the pilot exciter as a dc motor 

2 

Why a synchronous motor is called as constant speed motor? (April/May 2012) BTL 1 

Synchronous motor work on the principle of force developed due to the magnetic attraction 

established between the rotating magnetic field and the main pole feed. Since the speed of 

rotating magnetic field is directly proportional to frequency the motor operates at constant 

speed. 

3 

State V and inverted V curves of synchronous motor.(Nov/Dec 2011) BTL 1 

The variation of magnitude of line current with respect to the field current is called V curve. 

The variation of power factor with respect to the field current is called inverted V curve. 

4 

What happens when the field current of a synchronous motor is increased beyond the 

normal value at constant input? BTL 2 

Increase in emf causes the motor to have reactive current in the leading direction. The 

additional leading reactive current causes the magnitude of line current, accompanied by the 

decrease in power factor. 

5 

Distinguish between synchronous phase modifier and synchronous condenser. BTL 4 

A synchronous motor used to change the power factor or power factor in the supply lines is 

called synchronous phase modifier. A synchronous motor operated at no load with over 

excitation condition to draw large leading reactive current and power is called a synchronous 

condenser. 

6 

How does the synchronous motor can be used as synchronous condenser? (Nov/Dec 

2011& 2012 & 2014) BTL 2 

Synchronous motor is operated on over excitation so as to draw leading reactive current and 

power from the supply lines. This compensates the lagging current and power requirement of 

the load making the system power factor to become unity. The motor does the job of 

capacitors and hence called as synchronous condenser. 
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7 

Mention the methods of starting of 3-phase synchronous motor. (May/June 2014) BTL 

2 

➢ A D.C motor coupled to the synchronous motor shaft. 

➢ A small induction motor coupled to its shaft 

➢ Using damper windings as a squirrel cage induction motor. 

8 

What is meant by hunting of synchronous motor? (April/May 2012) & (Nov/Dec 2013) 

BTL 1 

When the load applied to the synchronous motor is suddenly increased or decreased, the 

rotor oscillates about its synchronous position with respect to the stator field. This action is 

called hunting. 

9 

Write important differences between a 3-phase synchronous motor and a 3-phase 

induction motor. (May/June 2014) BTL 1 

➢ Synchronous motor is a constant speed motor whereas induction motor speed will 

decrease on load.  

➢ Synchronous motor requires A.C and D.C supplies whereas induction motor 

requires only A.C supply. 

➢ Synchronous motor can be worked under various power factors such as lagging, 

leading and unity. But induction motor can be run with lagging power factor only. 

10 

What could be the reasons if a 3-phase synchronous motor fails to start? (Nov/Dec 

2014& May/June2015) BTL 4 

It is usually due to the following reasons 

➢ Voltage may be too low. 

➢ Too much starting toad. 

➢ Open circuit in one phase or short circuit. 

➢ iv. Field excitation may be excessive. 

11 

How does a change of excitation affect its power factor? BTL 4 

When the excitation is reduced, the motor draws a lagging current and when the excitation is 

increased, the armature current is leading the applied voltage. It may also happen for some 

value of excitation, that current may be in phase with the voltage i.e. power factor is unity. 

12 

Define phase swinging.BTL 1 

Phase swinging is otherwise called as hunting. When the load on the synchronous motor is 

varying or the supply frequency is pulsating the speed of the machine will fluctuate causing 

vibration on the rotor, which is called hunting or phase swinging. 

13 

Which condition a synchronous motor will fail to pull in to step? BTL 2 

➢ No field excitation.  

➢ Excessive load. 

➢ Excessive load inertia. 

14 

Write the applications of synchronous motor. BTL 1 

➢ Used for power factor improvement in sub-stations and in Industries. 

➢ Used in industries for power applications- 

➢ Used for constant speed drives such as motor -generator set, pumps and compressors. 

15 

Why a synchronous motor is a constant speed motor? BTL 4 

It runs always with a constant speed called synchronous speed N =120 f/P. where f is the 

supply frequency and P is the no- of poles. 
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16 

How the synchronous motor is made self-starting? BTL 2 

By providing damper windings in the pole face's, it will start and run like a 

squirrel cage induction motor. 

17 

State the characteristic features of synchronous motor. BTL 1 

➢ The motor is not inherently self-starting 

➢ The speed of operation is always in synchronous with the supply frequency    

irrespective of load conditions. 

➢ The motor is capable of operating at any power factor. 

18 

How the synchronous motor is differed from other motors? BTL 4 

All dc and ac motors work on the same principle. Synchronous motor operates due to 

magnetic locking taking place between stator and rotor magnetic fields. 

19 

Why a 3-phase synchronous motor always runs at synchronous speed? BTL 2 

Because of the magnetic coupling between the stator poles and rotor poles the motor runs 

exactly at synchronous speed. 

 

20 

What are the uses of damper winding in synchronous motor? (Nov/Dec 2013) BTL 1 

➢ Starting of synchronous motor   

➢ Reduce the Oscillations 

21 

What is the effect on speed if the load is increased on a 3-phase synchronous motor? 

BTL 1 

The speed of operation remains constant from no load to maximum load if the motor 

operated constant frequency supply. 

22 

What is the phasor relation between induced emf and terminal voltage of a 3-phase   

synchronous motor? BTL 1 

The rotating magnetic field is initially established by the prime source of supply V. The main 

field then causes an emf (e) to get induced in the 3- phase winding. Hence when the machine 

operates as a synchronous motor the emf phasor always lags the terminal voltage phasor by 

the load/torque angle  . 

23 

What is meant by pull out torque? BTL 2 

When the load on the motor is increased, the load angle is also increased, i.e. the rotor goes 

on progressively falling back in phase and draws more current. If we increase the load 

further, then the motor pulls out of synchronism and stops. The torque developed at pull out 

point is called pull out torque. 

24 

How will you reverse the direction of rotation of a 3-phase synchronous motor? BTL 2 

By Inter changing two phases of the 3-phase supply connections the direction of rotation can 

be reversed. 

25 

Give some merits and demerits of synchronous motor. BTL 1 

Merits                                                 

➢ This motor runs at constant speed (synchronous speed) even at full load. 

➢ Can be operated with leading power factor, for power factor improvement. 

Demerits 

➢ Two sources of supply are necessary 

➢ Since damper-winding resistance is low, it takes large currents, from supply mains. 
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26 

When synchronous motor receives 100% excitation? (Nov/Dec 2015) BTL 1 

The value of excitation for which back emfEb is equal (in magnitude) to applied voltage V is 

known as 100% excitation. 

27 

Draw the typical torque angle characteristics of synchronous machine. (May/June2015) 

BTL 1 

 

 PART * B 

1 

Explain the working of synchronous motor with different excitations. (May/June 2014) 

(13 M) BTL 4 

Answer: Page – 2.19 – J. Gnanavadivel 

➢ Excitation for which back e.m.f. Eb is equal to oltage V is known as 100% excitation.  

➢ Motor is either over-excited or under-excited. 

➢ Consider a synchronous motor in which the mechanical load is constant. 

(6 M) 

➢ Fig. 38.47 (a) shows for 100% excitation i.e., when Eb = V.  

➢ Armature current I lags behind V by a small angle f.  

➢ Angle q with ER is fixed by stator constants i.e. tan q = X S / Ra. 

➢ In Fig. 38.47 (b)* excitation is less than 100% i.e., Eb < V.  

➢ It lags behind ER by fixed angle q.  

➢ Magnitude of I is increased but its power factor is decreased. 

➢ Fig. 38.47 (c) represents for overexcited motor i.e. when Eb > V.  

➢ Now motor is drawing a leading current.  

➢ Current I may be in phase with V i.e., p.f. is unity. 

➢ At that time, the current drawn by the motor would be minimum.    (7 M)                                                                                         
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2 

List out the main characteristic features of synchronous motor. (8 M) BTL 4 

Answer: Page - 2.53- J. Gnanavadivel 

Some salient features of a synchronous motor are: 

➢ A synchronous motor runs at synchronous speed. 

➢ Its speed is constant at all loads.  

➢ To change its speed is to alter the supply frequency (Ns = 120 f/P). 

➢ It can be made to operate over a wide range of power factors (lagging, unity or 

leading). 

➢ By adjustment of its field excitation.                       (4 M) 

➢ To carry the mechanical load at constant speed and at the same time improve the pf. 

➢ Synchronous motors are generally salient pole type 

➢ synchronous motor is not self-starting. 

➢ An auxiliary means be used for starting it.               (4 M) 

3 

A 5kW,3 phase Y-connected 50 Hz,440 V, cylindrical rotor synchronous motor 

operates at rated condition with 0.8 pf leading. The motor efficiency excluding field and 

stator losses is 95% and Xs=2.5 Ω. Calculate  

   1.Mechanical power developed 

   2.armature current 

   3.back emf 

   4.power angle 

   5.maximum or pull out torque of the motor.  (13 M) BTL 3 

Answer: Page – 38 -Class Notes 

Solution: 

➢ Mechanical power developed =78950W (3 M) 

➢ Armature current =129A (2 M) 

➢ Back emf=516V (2 M) 

➢ Power angle=-300(3 M) 

➢ Maximum or pull out torque of the motor =1000Nm (3 M) 

4 

Explain V-curves and inverted V-curves. (Nov/Dec 2011)& (Nov/Dec 2012)& (Nov/Dec 

2013, Nov 2018 & 2014) (13 M) BTL 4 

Answer: Page-2.18 - J. Gnanavadivel 

➢ If excitation is varied from very low to very high value, then current Ia decreases.  

➢ minimum at unity p.f. and then again increases. 

➢ initial lagging current becomes unity and then becomes leading. 
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(3 M) 

➢ Excitation can be increased by increasing the field current. 

➢ graph of armature current drawn by Ia against field current (If) is plotted, 

➢ then its shape looks like V curve. 

➢ ower factor (cos Φ) is plotted against field current (If),  

➢ then shape of graph looks an inverted V curve.  

( 3 M) 

Experimental Setup to Obtain V-Curves 

➢ Stator is connected top three phase supply through wattmeters and ammeter. 

➢ two wattmeter method is used to measure input power of motor. 

➢ ammeter is reading line current which is same as armature (stator) current. 

➢ Voltmeter is reading line voltage. STUCOR A
PP
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➢ A rheostat in a potential divider arrangement is used in the field circuit.  

➢ By controlling the voltage by rheostat, the field current can be changed.  

➢ Hence motor can be subjected to variable excitation condition to note down the 

readings. (3 M) 

Observation Table : 

 
Now IL = Ia, per phase value can be determined, from the stator winding connections.  

IL  =Iaph for stator connection 

       IL/√3 = Iaph for delta connection 

power factor can be obtained as 

 
       The result table can be prepared as : 

 
 

The graph can be plotted from this result table. 

➢ Ia Vs If  → V-curve 

➢ cosΦ Vs If  → Inverted V-curve  (4 M) 
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5. 

Explain the various starting methods of a synchronous motor. (Nov/Dec 2012 & 2014) 

(13 M) BTL 4 

Answer: Page – 2.14-2.15 -  J. Gnanavadivel 

Types: (2 M) 
➢ Using pony motors 

➢ Using damper winding 

➢ As a slip ring induction motor 

➢ Using small d.c. machine coupled to it. 

Using pony motors(2 M) 

➢ Rotor is brought to the synchronous speed. 

➢ Some external device like small induction motor. 

➢ Such an external device is called 'pony motor'. 

➢ Rotor attains the synchronous speed, the d.c. excitation to the rotor is switched on. 

➢ Synchronism is established pony motor is decoupled.  

➢ Motor iscontinues to rotate as synchronous motor. 

Using Damper Winding(3 M) 

➢ Additional winding consisting of copper bars  

➢ Placed in slots of pole faces.  

➢ Bars are short circuited with help of end rings. 

➢ Such an additional winding on the rotor is called damper winding.  

➢ Winding as short circuited. 

 

Fig . 1 Starting as a squirrel cage I.M. 

➢ Rotor is excited by a three phase supply 

➢ Motors starts rotating as an induction motor at sub synchronous speed.  

➢ D.C supply is given to field winding.  

➢ At a instant motor gets pulled into synchronism and starts rotating at a synchronous speed. 

➢ As rotor rotates at synchronous speed, 

➢ Relative motion between damper winding and rotating magnetic field is zero. 

➢ Motor is running as synchronous motor, there can not be any induced e.m.f. indamper 

winding.  

➢ Damper winding is active only at start 

As a Slip Ring Induction Motor(3 M) 

➢ Three ends of this winding are brought out through slip rings.  

➢ An external rheostat then can be introduced in series with the rotor circuit.  

➢ When stator is excited, motor starts as a slip ring induction motor 

➢ Due to resistance added in the rotor provides high starting torque.  

➢ Resistance is then gradually cut off, as motor gathers speed.  
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➢ Motor attains speed near synchronous. d.c. excitation is provided to rotor,  

➢ then motors gets pulled into synchronism and starts rotating at synchronous speed.  

➢ damper winding is shorted by shorting the slip rings.  

➢ initial resistance added in rotor not only provides high starting torque 

➢ but also limits high inrush of starting current.  

➢ Hence it acts as a motor resistance starter. 

 

 

Fig. 2  Starting as a slip ring I.M. 

Using Small D.C. Machine(3 M) 

➢ Synchronous motor is provided with a coupled d.c. Machine. 

➢ Machine is used as a d.c. Motor to rotate the synchronous motor at a synchronous speed. 

➢ Excitation to the rotor is provided.  

➢ Once motor starts running as a synchronous motor,same d.c. Machine acts as a d.c exciter. 

➢ Field ofsynchronous motor is then excited by this exciter itself. 

 

6 

Explain effect of changing field current excitation at constant load. 

(i)Under excitation (ii) Normal excitation (iii) Over excitation (Nov/Dec 2011)& 

(April/May 2012,  May 2018) (13 M) BTL 6 

Answer: Refer Page No. 2.18to 2.19 - J. Gnanavadivel 

Under Excitation(3M) 
➢ Magnitude of induced e.m.f. Is less than the applied voltage (eb < v)  

➢ Due to this, er increases in magnitude.  

➢ Constant zs, current drawn by the motor increases. 

➢ But er phase shifts in such a way that, phasor iaalso shifts (as er  ^ ia = θ) to keep ia cos φ 

constant. 

➢ Under excited condition, current drawn by the motor increases.  

➢ The p.f. cos Φ decreases and becomes more and more lagging in nature. 

Normal Excitation(3M) 
➢ where excitation is adjusted to get Eb = V i.e. induced e.m.f. is equal to applied voltage.  

➢ Such an excitation is called Normal Excitation of the motor. 

➢ Motor is drawing certain current from the supply and power input to the motor is say  Pin. 

➢ The power factor of the motor is lagging in nature. 
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Over Excitation (3M) 
➢ The induced e.m.f. Becomes greater than applied voltage (eb < v), is called over excitation. 

➢ Increased magnitude of eb, er also increases in magnitude. 

➢ But the phase of  er also changes. Now = er  ^ ia = θ is constant, hence  ia also changes its 

phase. 

➢ Φ changes.  

➢ Ia increases to keep ia cos φ constant  

➢ Phase of er changes so that ia becomes leading with respect to  vphin over excited condition.  

➢ So power factor of the motor becomes leading in nature.  

➢ Overexcited synchronous motor works on leading power factor. 

➢ Power factor decreases as over excitation increases but it becomes more and more leading in 

nature. 

 
 

 

 (4 M) 
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7 

Illustrate the phenomenon of hunting and   the use of damper   winding with the help of 

dynamic equations. (May/June 2015) (13 M) BTL 3 

Answer: Page No. 2.19 to 2.20- J. Gnanavadivel 

Causes of Hunting in Synchronous Motor (6 M) 

➢ Sudden change in load. 

➢ Sudden change in field current. 

➢ A load containing harmonic torque. 

➢ Fault in supply system. 

Effects of Hunting in Synchronous Motor (7 M) 

➢ It may lead to loss of synchronism. 

➢ Produces mechanical stresses. 

➢ Increases machine losses and cause temperature rise. 

➢ Cause greater surges in current and power flow. 

8. 

Explain how synchronous motor can be used as a synchronous condenser. Draw the 

phasor diagram. (April/May 2012, Nov 2017) (13 M) BTL 2 

Answer: Refer Page No. 2.27- J. Gnanavadivel 

➢ When synchronous motor is over excited it takes leading p.f. current.  

➢ If synchronous motor is on no load, where load angle δ is very small. 

➢ It is over excited (Eb > V) then power factor angle increases almost upto 90o. 

➢ Motor runs with zero leading power factor condition. 

➢ This characteristic is similar to a normal capacitor. 

➢ Which takes leading power factor current.  

➢ Over excited synchronous motor operating on no load condition is as synchronous 

condenser. (6 M) 

Use of Synchronous Condenser in Power Factor Improvement 

➢ Low power factor increases the cost of generation, distribution and transmission. 

➢ Low power factor needs to be corrected.  

➢ Such power factor correction is possible by connecting synchronous motor. 

➢ Vph is the voltage applied and I1ph is the current lagging Vph by angle Φ1.  

➢ This power factor Φ1 is very low, lagging. 

➢ Motor acting as a synchronous condenser. 

➢ It draws a leading current of I2ph. 

➢ Total current drawn fromsupply is now phasor of Iph and I2ph.  

➢ This total current IT now lags Vph by smaller angle Φ . 

➢ Due to which effective power factor gets improved. (7 M) 

 Part * C 

1. 

A 2.3 kV, 3 phase star connected synchronous motor has Zs = (0.2 + j 2.2) ohm per 

phase.  The motor is operating at 0.5 PF leading with a line current of 200 A.  

Determine the generated emf per phase. (15 M) BTL 3 

Answer: Page – 2.29-J. Gnanavadivel 

➢ Input current I =200 A 

➢ Supply voltage per phase =  2.3 * 1000 / √3 =1328 V (3 M) 

➢ Internal angel θ = tan-1Xs/Ra = 84.8 (3 M) 
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➢ PF =  cos-1(0.5) = 60 

➢ Zs = √(Ra2 + Xs2) = 2.29 (3 M) 

➢ ER = I Zs =200 * 2.209 = 441.8 V (3 M) 

➢ Eb
2 =V2 + ER

2 - 2VE cos (φ + θ) = 1708 V (3M) 

2. 

A 400 V, 10 HP, 3 phase synchronous moto has negligible armature resistance and 

synchronous reactance of 10 ohm per phase.  Determine the minimum current and the 

corresponding induced emf for full load condition. Assume an efficiency of 85 %. (15 

M) BTL 3 

Answer: Page – 2.31-J. Gnanavadivel 

 

(15 M) 

3. 

A 9 kW, 400 V, 3 phase star connected synchronous motor has synchronous impedance 

per phase of (0.4 + j3) ohm.  Find the angle of retard and the voltage to which the 

motor must be excited to give a full load output at 0.8 leading pf.  Assume in efficiency 

of 90%. 

(15 M) BTL 3 

Answer: Page – 2.47 by Dr. J. Gnanavadivel 

(5 M) 
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(5 M) 

(5 M) 

4. 

A 1500 kW, 3 phase, star connected, 3.3 kV synchronous motor has reactance of Xd = 

4.01 ohm and Xq = 2.88 ohm per phase.  All losses may be neglected. Calculated the 

excitation emf when the motor is supplying rated load at unity PF. Also calculate the 

maximum mechanical power that the motor can supply with excitation held fixed at 

this value. (15 M) BTL 3 

Answer: Page – 2.45 -J. Gnanavadivel. 

 

(5 M) 
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(5 M) 

 

(5 M) 

5. 

Explain the working principle of synchronous motor. (Nov 2017) 

Answer: Page – 2.1 -J. Gnanavadivel 

Construction of Synchronous Motor (7 M) 

 
 

Main Features of Synchronous Motors 

➢ Synchronous motors are inherently not self starting. 

➢ They require some external means to bring their speed close to synchronous speed to 

before they are synchronized. 

➢ The speed of operation of is in synchronism with the supply frequency. 

➢ This motor has the unique characteristics of operating under any electrical power 

factor.  
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➢ This makes it being used in electrical power factor improvement. 

Principle of Operation Synchronous Motor (8 M) 

➢ Synchronous motor is a doubly excited machine, i.e., two electrical inputs are 

provided to it. 

➢  Its stator winding which consists of a We provide three-phase supply to three-phase 

stator winding, and DC to the rotor winding. 

➢ The 3 phase stator winding carrying 3 phase currents produces 3 phase rotating 

magnetic flux.  

➢ The rotor carrying DC supply also produces a constant flux.  

➢ Considering the 50 Hz power frequency, from the above relation we can see that the 

3 phase rotating flux rotates about 3000 revolutions in 1 min or 50 revolutions in 1 

sec.  

➢ At a particular instant rotor and stator poles might be of the same polarity (N-N or S-

S) causing a repulsive force on the rotor and the very next instant it will be N-S 

causing attractive force.  

➢ But due to the inertia of the rotor, it is unable to rotate in any direction due to that 

attractive or repulsive force, and the rotor remains in standstill condition.  

➢ Hence a synchronous motor is not self-starting.  

➢ Here we use some mechanical means which initially rotates the rotor in the same 

direction as the magnetic field to speed very close to synchronous speed.  

➢ On achieving synchronous speed, magnetic locking occurs, and the synchronous 

motor continues to rotate even after removal of external mechanical means. 
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 UNIT III - THREE PHASE INDUCTION MOTOR 

 

Constructional details – Types of rotors –- Principle of operation – Slip –cogging and 

crawling- Equivalent circuit – Torque-Slip characteristics - Condition for maximum torque – 

Losses and efficiency – Load test - No load and blocked rotor tests - Circle diagram – 

Separation of losses – Double cage induction motors –Induction generators – Synchronous 

induction motor. 

 PART * A 

Q.N

o. 
Questions 

1 

State the principle of 3 phase IM.BTL 1 

While starting, rotor conductors are stationary, and they cut the revolving magnetic field and 

so an emf is induced in them by electromagnetic induction. This induced emf produces a 

current if the circuit is closed. This current opposes the cause by Lenz’s law and hence the 

rotor starts revolving in the same direction as that of the magnetic field. 

2 

Why an induction motor is called as 'rotating transformer'?BTL 2 

The rotor receives electric power in exactly the same way as the secondary of a two-winding 

transformer receiving its power from the primary. That is why an induction motor can be 

called as a rotating transformer i.e. one in which primary winding is stationary but the 

secondary is tree to rotate. 

3 

Why an induction motor will never run at its synchronous speed?BTL 2 

If the rotor runs at synchronous speed, then there would be no relative speed between the 

two; hence no rotor EMF, no rotor current and so no rotor torque to maintain rotation. That 

is why the rotor runs at a speed, which is always less than syn. speed. 

4 

State the advantages of skewing. (Nov/Dec 2011)BTL 2 

➢ It reduces humming and hence quite running of motor is achieved. 

➢ It reduces magnetic locking of the stator and rotor. 

5 
State the condition for maximum torque. BTL 1 

R2=X2 

6 

What are the effects of increasing rotor resistance on starting current and starting 

torque? BTL 1 

➢ The additional external resistance reduces the rotor current and hence the current 

drawn from the supply. 

➢ It improves the starting torque developed by improving the power factor in high 

proportion to the decrease in rotor current. 

7 

What is slip of an induction motor? (Nov/Dec 2011) & (Nov/Dec 2012) & (Nov/Dec 2013 

& 2014) BTL 1 

The slip speed is defined as the ratio of relative speed to synchronous speed is expressed as 

% slip S=(Ns-N)/Ns*100 
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8 

What are the advantages of slip-ring IM over cage IM? BTL 1 

➢ Rotor circuit is accessible for external connection. 

➢ By adding external resistance to the rotor circuit, the starting current is reduced with 

the   added advantage of improving starting torque.  

➢ Additional speed control methods can be employed with the accessibility in the rotor 

circuit. 

9 

Name the tests to be conducted for predetermining the performance of 3-phase 

induction machine.BTL 1 

➢ No load test. 

➢ Blocked rotor test. 

10 

What is the information obtained from no-load test in a 3-phase I M? BTL 1 

➢ No –load input current per phase, Io. 

➢ No load power factor and hence no-load phase angle. 

➢ Iron and mechanical losses together. 

➢ Elements of equivalent circuit shunt branch. 

11 

What is the information obtained from blocked rotor test in a 3-phase I M? BTL 1 

➢ Blocked rotor input current per phase at normal voltage. 

➢ Blocked rotor power factor and hence phase angle. 

➢ Total resistance and leakage reactance per phase of the motor as referred to the 

stator. 

12 

What is circle diagram of an IM? BTL 2 

When an I M operates on constant voltage and constant frequency source, the loci of stator 

current phasor is found to fall on a circle. This circle diagram is used to predict the 

performance of the machine at different loading conditions as well as mode of operation. 

13 

What are the advantages and disadvantages of circle diagram method of 

predetermining the performance of 3 –phase IM? BTL 2 

The prediction can be carried out when any of the following information is available. The 

input line current., the input power factor, the active power input, the reactive power input, 

The apparent power input, The output power, The slip of operation, The torque developed, 

The equivalent rotor current per phase, Maximum output power, Maximum torque 

developed. The only disadvantage is, being a geometrical solution; errors made during 

measurements will affect the accuracy of the result. 

14 

What are the advantages and disadvantages of direct load test for 3 – phase IM? BTL 2 

Advantages 

➢ Direct measurement of input and output parameters yield accurate results. 

➢ Aside from the usual   performance other performances like mechanical vibration, 

noise etc can be studied. 

➢ By operating the motor at full load for a continuous period, the final steady 

temperature can be measured. 

Disadvantages 

➢ Testing involves large amount of power and the input energy and the entire 

energy delivered is wasted. 

15 

What is an induction generator? (April/May 2012) BTL 1 

An induction generator does not differ in its construction from an induction motor. Whether 

the induction, machine acts as generator or motor depends solely upon its slip. Below 

synchronous speed it can operate only as motor, above synchronous speed it operates as 
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generator and is now called as induction generator. 

16 

What do you mean by slip speed? BTL 1 

The difference between the synchronous speed and the rotor speed N is called as slip speed. 

The rotor speed will be always less than synchronous speed. 

17 

Why an induction motor at no-load operates at very low power factor? BTL 2 

The current drawn by an induction motor running at no load is largely a magnetizing current. 

So, no-load current lags the applied voltage by a large angle. Therefore, the power factor of a 

lightly loaded induction motor is very low. 

18 

What is cogging of induction motor? BTL 1 

When the number of teeth in stator and rotor are equal, the stator and rotor teeth have a 

tendency to align themselves exactly to minimum reluctance position. In such case the rotor 

may refuse to accelerate. This phenomenon is called "magnetic locking, or cogging. 

19 

Write the advantages of double squirrel cage induction motor. (Nov/Dec 2012 & 2014) 

BTL 1 

➢ Improves the starting torque  

➢ Low I2R loss under running conditions and hence high efficiency. 

20 

How the direction of rotation of a three-phase induction motor can be reversed? 

(April/May 2012) BTL 2 

The direction of rotation of three phase induction motor can be changed by interchanging 

any two terminal of input supply (R&Y, R&B, etc.,).The direction of the synchronously 

rotating field   reverses and hence the direction of rotor reverses. 

21 

How do change in supply voltage and frequency affect the performance of a 3-phase 

induction motor? (May/June 2014)BTL 2 

(i)This large change in voltage will result in a large change in the flux density thereby 

seriously disturbing the magnetic conditions of the motor. 

(ii)If the supply frequency is changed, the value of air gap flux also gets affected. This may 

result in to saturation leads to the sharp rise in the no load current of the motor. 

22 

State the condition formaximum torque under running condition. (Nov/Dec 2015) BTL 

1 

R2=SX2; R2 = rotor resistance; X2 = Rotor reactance; s = slip 

23 

What are the losses occurring in an IM and on what factors do they depend? BTL 1 

Magnetic losses Wi, Electrical losses Wcuand Mechanical losses Wm. For IM 

operating in normal condition (with constant voltage and frequency) magnetic and 

mechanical losses remain constant whereas electrical losses vary in square proportion to the 

current. 

24 

What is meant by synchronous watts? BTL 1 

The torque developed in an induction motor is proportional to rotor input. By 

defining a new unit of torque (instead of the force at radius unit) we can say that the rotor 

torque equals rotor input. The new unit is synchronous watts. Synchronous wattage of an 

induction motor equals the power transferred across the air-gap to the rotor. 
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25 

How much torque is developed in an induction motor at synchronous speed? 

(May/June 2015) BTL 1 

The torque developed in an induction motor at synchronous speed is zero. If the rotor 

runs at synchronous speed, then there would be no relative speed between the two; hence no 

rotor EMF, no rotor current and so no rotor torque to maintain rotation. That is why the rotor 

runs at a speed, which is always less than synchronous speed. 

26 

State a method by which starting torque of the induction motor can be increased. 

(May/June 2015) BTL 1 

By adding external resistance to the rotor circuit to improve the starting torque of 

induction motor. 

 PART * B 

1 

Explain the construction and working of three phase induction motor. (Nov/Dec 2011), 

(April/May 2012) & (Nov/Dec 2012) &(Nov/Dec 2013,   Nov 2017, May 2018 & 2014) 

(13 M) BTL 1 

Answer: Page - 3.1 to 3.3 & 3.9 to 3.10.- J. Gnanavadivel 

Rotor (4 M) 

Stator: (3 M) 

➢ It is made up with number of stamping. 

➢ Stator is wound with a 3 phase winding which is fed from a 3 phase supply.  

➢ It is wound for a defined number of poles. 

➢ Number of poles is determined from the required speed.  

➢ Stator windings are supplied with 3 phase ac supply. 

➢ They produce alternating flux which revolves with synchronous speed.  

➢ The synchronous speed is inversely proportional to number of poles (Ns = 120f / P).  

➢ This  rotating magnetic flux induces current in rotor windings according to Faraday's 

law of mutual induction. 

Rotor: (3 M) 

➢ It consists of cylindrical laminated core with parallel slots that can carry conductors. 

➢ Conductors are heavy copper or aluminum bars which fits in each slot. 

➢ They are short circuited by the end rings.  

➢ The slots are not exactly made parallel to the axis of the shaft. 

➢ But slots are slotted a little skewed because this arrangement reduces magnetic 

humming noise & can avoid stalling of motor. 
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Working Principle (3 M) 

 
➢ Rate of change of magnetic flux linkage through the circuit. 

➢ As the rotor winding in an induction motor are either closed through an 

external resistance or directly shorted by end ring. 

➢ Cut the stator rotating magnetic field. 

➢ An emf is induced in the rotor copper bar. 

➢ Due to this emf a current flows through the rotor conductor. 

➢ Here the relative speed between the rotating flux and static rotor conductor is the 

cause of current generation 

➢ Hence as per Lenz's law the rotor will rotate in the same direction. 

➢ Reduce the causethe rotor speed should not reach the synchronous speed produced by 

the stator. 

➢ If the speeds equals, there would be no such relative speed, so no emf induced in the 

rotor. 

➢ No current would be flowing, and therefore no torque would be generated.  

➢ Rotor cannot reach the synchronous speed.  

➢ The difference between the stator and rotor speeds is called the slip.  

2 

Explain torque slip characteristics of induction motor. (Nov/Dec 2014,  Nov 2018) (13 

M) BTL 2 

Answer: Page - 3.53 to 3.54 -  J. Gnanavadivel 

 

Torque-Slip Characteristics: 

➢ The motor torque under running conditions is given by; 

➢ The following points may be noted carefully: 

➢ At s = 0, T = 0 so that torque-slip curve starts from the origin. 

➢ At normal speed, slip is small so that s X2 is negligible as compared to R2. 

T  α s/R2 

T   α sas R2  is constant. 

➢ Hence torque slip curve is a straight line from zero slip to a slip that corresponds to 

full-load. 

➢ As slip increases beyond full-load slip, the torque increases andmaximum at s = 

R2/X2. 

➢ This maximum torque in an induction motor is called pull-out torque. 

➢ Its value is at least twice the full-load value when the motor is operated at rated 

voltage and frequency. 
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(4 M) 

➢ Maximum torque, the term s2 X2
2  increases very rapidly so that R2

2 may be neglected 

as compared to s2 X2
2 

➢ T α   s / s 2X2
2 

➢ α  1/ s                                   ... as X2 is constant 

 

➢ Thus the torque is now inversely proportional to slip.  

 

➢ Hence torque-slip curve is a rectangular hyperbola. (9 M) 

 

3 

Derive the torque equation of a three-phase induction motor. (Nov/Dec 2013) 

&(Nov/Dec 2015, Nov 2017) (8 M) BTL 1 

Answer: Page - 3.32 to 3.34 -  J. Gnanavadivel 

➢ The torque produced by three phase induction motor depends upon the following 

three factors:  

➢ Magnitude of rotor current,  

➢ EMF in the rotor part of induction motor,  

➢ Power factorof rotor of the three-phase induction motor.  

➢ Equation of torque as- (4 M) 

➢ Where, T is the torque produced by the induction motor. 

➢ φ is flux responsible for producing induced emf,  

➢ I2 is rotor current,  

➢ cosθ2 is the power factor of rotor circuit. 

➢ The flux φ produced by the stator is proportional to stator emf E1. i.e φ ∝ E1

 
➢ Rotor currentI2 is defined as the ratio of rotor induced emf under running  
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➢ sE2 to total impedance, Z2 of rotor side,  (4 M) 

➢ Putting this value in above equation we get, 

 
➢ s = slip of induction motor 

➢  

 

 
➢ Removing proportionality constant we get, 

 
➢ Where, ns is synchronous speed in r. p. s, ns = Ns / 60. So, finally the equation of 

torque becomes, 

 
➢ Derivation of K in torque equation.   (5 M) 

4 

Develop an equivalent circuit for three phase induction motor. Nov/Dec 

2011)&(Nov/Dec 2012, Nov/Dec 2015,  May 2018) (13 M) BTL 6 

Answer: Page - 3.84 to 3.89 -  J. Gnanavadivel 

➢ 
(4 M) 
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➢ 
(4 M) 

 

 

➢ (5 M) 

 

5. 

A 6 pole, 50Hz, 3 phase, induction motor running on full load develops a useful torque 

of 160Nm. When the rotor emf makes 120 complete cycle per minute. Calculate the 

shaft power input. If the mechanical torque lost in friction and that for core loss is 10 

Nm, compute. 

The copper loss in the rotor windings. 

The input of motor. 

The efficiency. The total stator loss is given to be 800W. (Nov/Dec 2011)&(Nov/Dec 

2015) (13 M) BTL 5 

Answer: Page - 3.83 -  J. Gnanavadivel 

➢ Frequency of rotor emf = fr = 120/60 = 2 Hz 

➢ Slip = s = fr/f = 2/50 = 0.04 

➢ Ns = 120f/P = 1000 rpm 

➢ Motor Speed N= Ns(1 – s) = 1000(1 – 0.04) = 960 rpm  (4 M) 

➢ Tsh = Pout * 60 / (2 π N) = 16085 W 

➢ Pm = Tg * 2πN/60 = 17291 N-m  (4 M) 

➢ Pcu = 720.45 W 

➢ P2 = 18011.4 W 

➢ Pin = 18211.4 W 

➢ Efficiency = 88.32 % (5 M) 

6 

Describe the no load and blocked rotor tests in a three-phase induction motor. (13 M) 

BTL 4 

Answer: Page - 3.102 -  J. Gnanavadivel 

Calculation of No Load Test of Induction Motor: (6 M) 

➢ Let the total input power supplied to induction motor be W0 watts.  
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➢  
➢ Where, V1 = line voltage 

➢ I0 = No load input current  

➢ Rotational loss = W0 – S1 

➢ Where, S1 = stator winding loss = Nph I
2 R1 

➢ Nph = Number phase  

➢ The various losses like windage loss, core loss, and rotational loss are fixed losses  

➢ Stator winding loss = 3Io
2R1 

➢ Where, I0 = No load input current 

➢ R1 = Resistance of the motor 

➢ Core loss = 3GoV
2 

Calculations of Blocked Rotor Test of Induction Motor: (7 M) 

➢  
➢ Where, Wc = core loss 

➢  
➢ Where, R01 = Motor winding of stator and rotor as per phase referred to stator.

 
➢ Now let us consider Is = short circuit current  

➢ Vs = short circuit voltage  

➢ Z0 = short circuit impedance as referred to stator 

 
➢ Therefore, X01 = Motor leakage reactanceper phase referred to stator  

 
➢ Stator reactance X1 and rotor reactance per phase referred to stator X2 are normally 

assumed equal. Th  

➢ stator resistance per phase R1 

➢ rotor resistance per phase referred to stator R2 

➢  

7. 

Write brief notes on (i) Double Cage rotor (ii) Induction Generator  (13 M) (May 2006,  

Nov 2017) BTL 2 

Answer: Page –3.116 & 3.119 -  J. Gnanavadivel 
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(3 M) 

➢ At starting of the motor, frequency of induced emf is high because of large slip. 

➢ Reactance of inner cage will be very high, increasing its total impedance. 

➢ Hence at starting most of the current flows through outer cage despite its large 

resistance  

➢ This will not affect the outer cage because of its low reactance. 

➢ And because of the large resistance of outer cage starting torque will be large. 

➢ As speed of the motor increases, slip decreases, and hence the rotor frequency 

decreases.  

➢ Reactance of inner cage will be low, and most of the current will flow through the 

inner cage which is having low resistance. 

➢ Hence giving a good efficiency. 

➢ When the double cage motor is running at normal speed,  

➢ Frequency of the rotor emf is so low that the reactance of both cages is negligible.  

➢ The two cages being connected in parallel, the combined resistance is lower. (4 M) 

➢ Induction Generator: 
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(3 M) 

➢ This type of generator is also known as self-excited generator.  

➢ Capacitor bank which is connected across its stator terminals  

➢ The function of the capacitor bank is to provide the lagging reactive power to the 

induction generator as well as load.  

➢ Total reactive power provided by the capacitor bank is equals to sum of reactive 

power and load. 

➢ There is generation of small terminal voltage oa across the stator terminal. 

➢ Due the residual magnetism when the rotor of the induction machine runs at the 

required speed.  

➢ Due to this voltageoa the capacitor current ob is produced.  

➢ The currentbc sends current od which generates the voltage de. (3 M) 

 
PART * C 

1. 

A 746 KW, 3-phase,50 Hz, 16-pole induction motor has a rotor impedance of 

(0.02+j0.15) Ω at standstill. Full load torque is obtained at 360 rpm. Calculate (i)The 

ratio of maximum to full-load torque (ii) The speed at maximum torque and (iii) The 

rotor resistance to be added to get maximum starting torque. (15 M) (May/June 2014) 

BTL 5 

Answer: Page - 3.48 -  J. Gnanavadivel 

➢ Ns = 120f/P = 375 rpm 

➢ Sf = (Ns – N)/Ns = 0.04   (4 M) 

➢ a = R2/X2 = 0.133 

➢ Tf/Tm = 2asf / (a
2 + sf

2) = 0.55 

➢ Tm/Tf = 1.818   (4 M) 

➢ Sm = R2/X2 =0.02/0.15 = 0.133 

➢ N = Ns(1-s) = 325   (4 M) 

➢ For maximum torque R2 = X2.  Total resistance = 0.156 ohm 

➢ External resistance required /phase = 0.13 ohm   (3 M) 
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2. 

A 29.84 KW,415V,50Hz,3 phase delta connected induction motor gave the following 

test results:  

No load test: 415V, 21A, 1250 W    

Blocked rotor test: 100V,45A,2730 W 

Stator and rotor ohmic losses at standstill are assumed equal. Draw the induction 

motor circle diagram and calculate (i)Line current (ii)Power Factor. (15 M)(May/June 

2014,  Nov 2018)BTL 5 

Answer:  Page - 3.110 - J. Gnanavadivel 

 

(8 M) 

➢ Cos φ0 = 0.0918 

➢ φ0 = 84.44 

➢ φb = 69.3 

➢ power scale 1 cm = 7120 W 

➢ full load output = 29840 W   (4 M) 

➢ Current scale = 4.19 cm 

➢ Phase current = OP = 6 cm = 60 A 

➢ Line current = 104 A 

➢ Power factor = 0.819   (3 M) 

3. 

The power input to a 3phase induction motor is 60 kW.  The stator losses are 1 kW. 

Find the mechanical power developed and rotor copper loss per phase if the motor is 

running with a slip or 3 %. (7 M) BTL 5 

Answer: Page – 3.73 -  J. Gnanavadivel 

➢ Input to rotor P2 = 59 kW 

➢ Rotor copper loss Pcu = 1.77 kW(4 M) 

➢ Rotor copper loss per phase = 0.59 kW 

➢ Mechanical power developed = 57.23 kW.(3 M) 
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4.  

A 3 phase 500 V, 50 Hz induction motor with 6 pole gives an output of 20 kW at 950 

rpm with a power factor of 0.8.  The mechanical losses are equal to 1 kW.  Calculate 

for this load slip, rotor copper loss, input, if the stator losses are 1.5 kW. (8 M) BTL 5 

Answer: Page – 3.73 -  J. Gnanavadivel 

➢ Slip = 0.05 

➢ Pm = Pout +Pml = 20 + 1 = 21 kW 

➢ P2 = pm/(1-s) = 21.05 kW(4 M) 

➢ Pcu = s*P2 = 1.05 kW 

➢ Pin = P2 + Stator losses = P2 + Psl = 22.55 kW(4 M) 
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UNIT IV - STARTING AND SPEED CONTROL OF THREE PHASE INDUCTION 

MOTOR 

 

Need for starting – Types of starters – DOL, Rotor resistance, Autotransformer and Star-

delta starters – Speed control – Voltage control, Frequency control and pole changing – 

Cascaded connection-V/f control – Slip power recovery scheme-Braking of three phase 

induction motor: Plugging, dynamic braking and regenerative braking. 

Q.No PART * A 

1 

What is the need of starter for induction motor? (April/May 2012)BTL 1 

The plain induction motor is similar in action to poly phase transformer with a short-

circuited rotating secondary. Therefore, if normal supply voltage is applied to the stationary 

motor, then, as in case of a transformer, a very large initial current about 5-7 times full load 

current is drawn taken by the stator. 

2 

What is the magnitude of starting current & torque for induction motor?(Nov/Dec 

2014)BTL 1 

Induction motors, when direct-switched take five to seven times the full load current and 

develop only 1.5 to 2.5 times their full- load torque. 

3 

Name the different types of starters used for induction motor. (Nov/Dec 2013)BTL 1 

➢ Primary resistor 

➢ Autotransformer starter 

➢ Star-delta starter 

➢ Rotor rheostat 

4 
Brief the over –load protection of autotransformer starter.BTL 1 

When the load on the motor is more than the rated value the supply to motor will be cut off. 

5 

How the starting current is reduced using rotor resistance starter? (Nov/Dec 

2011)BTL 2 

The controlling resistance is in the form of a rheostat, connected in star. The resistance 

being gradually cut-out of the rotor circuit as the motor gathers speed. Increasing the rotor 

resistance, not only in the rotor current reduced at starting, but at the same time starting 

torque is also increased due to improvement in power factor. 

6 

Mention the methods of speed control on stator side of induction motor. (Nov/Dec 

2011)& (Nov/Dec 2012)BTL 1 

➢ By changing the applied voltage 

➢ By changing the applied frequency 

➢ By changing the number of stator poles. 

7 

Mention the methods of speed control from rotor side of induction motor. (Nov/Dec 

2011)& (Nov/Dec 2012).BTL 1 

➢ Rotor rheostat control. 

➢ By operating two motors in concatenation or cascade. 

➢ By injecting an e.m.f in the rotor circuit. 
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8 

Why speed control is simpler by changing the applied voltage? BTL 2 

➢ A large change in voltage is required for a relatively small change in speed. 

➢ This large change in voltage will result in a large change in the flux density 

thereby seriously disturbing the magnetic conditions of the motor. 

9 

What are the applications of speed control of induction motor by pole changing 

method?BTL 1 

➢ Elevator motors 

➢ Traction motors 

➢ Small motors driving machine tools. 

10 

How the speed control is achieved by changing the number of poles? BTL 2 

Synchronous speed of induction motor could also be changed by changing the number of 

stator poles. This change of number of poles is achieved by having two or more entirely 

independent stator windings in the same slots. 

11 

What are the limitations of rotor rheostat speed control of induction motor?BTL 2 

➢ With increase in rotor resistance, I2R losses also increase which decrease the 

operating efficiency of the motor. In fact, the loss is directly proportional to 

the reduction in the speed. 

➢   Double dependence of speed, not only on R2 but also on load as well. 

12 

What are the advantages of slip power scheme?BTL 1 

Advantages 

➢ Easier power control. 

➢ Higher efficiency. 

Disadvantage 

➢ Reactive power consumption. 

➢ Low power factor at reduced speed. 

13 

Mention types of slip power recovery schemes.BTL 1 

➢ Scherbius system. 

➢ Kramer drive. 

14 

What is effect of increasing rotor resistance in starting current and torque? (Nov/Dec 

2012) BTL 2 

Starting current can be reduced and starting torque can be increased by increasing the rotor 

resistance of an induction motor. 

15 

Why most of the three phase induction motors constructed with delta are connected 

stator winding? (April/May 2012) BTL 2 

Squirrel cage induction motor started with star to delta starter, therefore stators winding in 

delta connection. 

16 

What is meant by slip power recovery scheme? (Nov/Dec 2013) BTL 2 

Some amount of power is wasted in the rotor circuit,wasted power is recovered by using 

converter. 

17 

What is meant by plugging? (May/June 2014) BTL 2 

The reversal of direction of rotation of motor is the main principle in plugging of motor. In 

case of an induction motor, it can be quickly stopped by interchanging any two stator leads. 

Due to this, the direction of rotating magnetic field gets reversed and this produces a torque 

in reverse direction and the motor tries to rotate in opposite direction. 
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18 

While controlling the speed of an induction motor, how is super-synchronous speed 

achieved?(Nov/Dec 2014) BTL 2 

In the super synchronous speed operation, the power flow is from supply to the transformer 

and the slip power is injected in to the rotor circuit. 

19 

What is the relationship between staring torque and full load torque of DOL 

Starter?BTL 2 

Tst/ Tf= (Isc/If)
2. sf 

20 

What are the advantages of autotransformer starter?BTL 1 

➢ reduced voltage is applied across the motor terminal. 

➢ There is a provision for no-voltage and over-load protection. 

21 

How the tandem operations of induction motor start?BTL 2 

When the cascaded set is started, the voltage at frequency f is applied to the stator winding 

of main motor. An induced emf of the same frequency is produced in main motor (rotor) 

which is supplied to the auxiliary motor. Both the motors develop a forward torque. As the 

shaft speed rises, the rotor frequency of main motor falls and so does the synchronous speed 

of auxiliary motor. The set settles down to a stable sped when the shaft speed become equal 

to the speed of rotating field of Auxiliary motor. 

22 

What is the effect of change in supply voltage on starting torque of induction motor? 

(Nov/Dec 2015) BTL 1 

Starting torque of an induction motor will becomes double when slight change in the supply 

voltage. 

23 

State animportant   distinguishing   factor of induction generator andalternator. 

(May/June 2015)BTL 1 

Induction   Generator Alternator 

Induction machine is single excited. Alternator is doubly excited 

machine. 

Induction Generator, the field is 

induced in the rotor. 

Alternators use a separate 

excitation field. 

Induction Generator the rotor speed 

need only be above rated synchronous 

speed.  

The alternator output frequency is 

intimately connected to rotor rpm 

and poles. 
 

24 Draw the torque speed characteristics of aninduction motor. (May/June 2015)BTL 1 STUCOR A
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 PART * B 

1 

With neat diagrams explain the working primary resistor starter used for squirrel 

cage type 3 phase induction motor. (Nov/Dec 2013) (8 M) BTL 1 

Answer: Page :4.03 -Gnanavadivel 

Using Primary Resistors: 

(2 M) 

Explanation: (6 M) 

➢ Thus, by adding resistor we can control the supply voltage. 

➢  Only a fraction of the voltage (x) of the supply voltage is applied at the time of 

starting of the induction motor. 

➢  The value of x is always less than one.  

➢ Due to the drop in the voltage the starting torque also decreases.  

➢ We will derive the expression for the starting torque in terms of the voltage fraction 

x to show the variation of the starting torque with the value of x.  

➢ As the motor speeds, up the reactor or resistor is cut out from the circuit. 

➢ Finally, the resistors are short circuited when the motor reaches to its operating 

speed. 

➢ Now let us derive the expression for starting torque in terms of full load torque for 

the stator resistor starting method.  

➢ We have various quantities that involved in the expression for the starting torque are 

written below: we define Ts as starting torque 
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➢ Tf as full load torque 

If as per phase rotor current at full load 

Is as per phase rotor current at the time of starting 

sf as full load slip 

ss as starting slip 

R2 as rotor resistance 

Ws as synchronous speed of the motor 

Now we can directly write the expression for torque of the induction motor as 

 
➢ From the help of the above expression we write the ratio of starting torque to full 

load torque as 

 
➢ Here we have assumed that the rotor resistance is constant, and it does not vary with 

the frequency of the rotor current.  

➢ From the above equation we can have the expression for the starting torque in terms 

of the full load torque. 

➢  Now at the time of starting the per phase voltage is reduced to xV1, the per phase 

starting current is also reduced to xIs.  

➢ On substituting the value of Is as xIs in equation 1. We have 

 
➢ This shows the variation of the starting torque with the value of x. 

2 

Discuss the various starting methods of induction motors. (April/May 2012,  May 

2018,  Nov 2017) (13 M) BTL 1 

Answer: Page -: 4.01 to 4.08 - Gnanavadivel 

Auto transformer Starter(6 M) 

➢ An Auto Transformer Starter is suitable for both star and delta connected motors.  

➢ Starting current is limited by using a three-phase auto transformer to reduce the 

initial stator applied voltage.  

➢  It is provided with severaltapings. 

➢ The starter is connected to one tapping to obtain the most suitable starting voltage.  

➢ A double throw switch S is used to connect the auto transformer in the circuit for 

starting.  

➢ When the handle H of the switch S in the START position.  

➢ The primary of the auto transformer is connected to the supply line, and the motor is 

connected to the secondary of the auto transformer. 

➢ When the motor picks up the speed of about 80 percent of its rated value, the handle 

H is quickly moved to the RUN position.  
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➢ The handle is held in the RUN position by the under- voltage relay. 

➢ If the supply voltage fails or falls below a certain value, the handle is released and 

returns to the OFF position.  

➢ Thermal overload relays provide the overload protection. 

 
 

Star – Delta Starter:(7 M) 

➢ The main circuit breaker serves as the main power supply switch. 

➢  The main contactor connects the reference source voltage R, Y, B to the primary 

terminal of the motor U1, V1, W1. 

➢ In operation, Main Contactor (KM3) and the Star Contactor (KM1) are closed initially. 

➢  After a period, the star contactor is opened, and then the delta contactor (KM2) is 

closed. 

➢  The control of the contactors is by the timer (K1T) built into the starter. 

➢  The Star and Delta are electrically interlocked and preferably mechanically 

interlocked as well.  

➢ The star contactor serves to initially short the secondary terminal of the motor U2, V2, 

W2 for the start sequence during the initial run of the motor from standstill.   

➢ This provides one third of DOL current to the motor, thus reducing the high inrush 

current inherent with large capacity motors at startup. 

➢ Controlling the interchanging star connection and delta connection of an AC induction 

motor is achieved by means of a star delta or wye delta control circuit.  

➢ The control circuit consists of push button switches, auxiliary contacts and a timer. 
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3 

Describe starter available for 3 phase Slip Ring Induction motor. (8 M) 

N/D/15,M/J/16|M/J/14,N/D/16 BTL 1 

Answer: Page :4.07 - Gnanavadivel 

(3 M) 

Explanation: (5 M) 

➢ Slip-ring motors are started with full line voltage, as external resistance can be 

easily added in the rotor circuit with the help of slip-rings. 

➢ Introducing resistance in rotor current will decrease the starting current in rotor. 

➢ Also, it improves power factor and the torque is increased. 

➢ The connected rheostat may be hand-operated or automatic. 

➢ Additional resistance in rotor improves the starting torque. 

➢ slip-ring motors can be started on load. 

➢ The external resistance introduced is only for starting purposes and is gradually cut 

out as the motor gathers the speed. 

➢ These motors are usually started with full line voltage applied across its terminals. 

➢  As these motors have external resistance connected to its rotor circuit. 

➢ The value of starting current is adjusted or kept minimum, by increasing the 

resistance of the rotor circuit.  

➢ This external resistance can be assumed to be a form of rheostat, connected in star, 

thus kept at maximum. 

➢  when the motor starts and gradually cut-out as the motor gathers speed. 

➢ This implies that the starting current of the motor is reduced when an external 

resistance is added in the rotor circuit. 

➢ Thus because of this, the starting torque is increased due to the improvement in 

power factor. 

 

4 

Explain briefly the various speed control schemes of induction motors refer to stator 

side.  (May 2018,  Nov 2017) (13 M) BTL 2 

Answer: Page:4.09 to 4.19 -Gnanavadivel 

The speed control of three phase induction motor from stator side are further classified as : 

➢ V / f control or frequency control. 

➢ Changing the number of stator poles. 

➢ Controlling supply voltage. 

➢ Adding rheostat in the stator circuit. 

Speed Control from Stator Side 

V / f control or frequency control (4 M) 

STUCOR A
PP

DOWNLOADED FROM STUCOR APP

DOWNLOADED FROM STUCOR APP



REGULATION:2013  ACADEMIC YEAR: 2018-2019 

JIT-JEPPIAAR/EEE/Mr. K. JAYAVELU/IIndYr/SEM 04 /EE8401/ELECTRICAL MACHINES - II/UNIT 1-5/QB+Keys/Ver1.0 

 
  2.56 
 

Whenever three phase supply is given to three phase induction motor rotating magnetic 

field is produced which rotates at synchronous speed given by 

 
➢ In three phase induction motor emf is induced by induction similar to that 

of transformer which is given by 

 

 
 

Where, 

K is the winding constant,  

T is the number of turns per phase and  

f is frequency.  

➢ Now if we change frequency synchronous speed changes. 

➢ But with decrease in frequency flux will increase and this change in value 

of flux causes saturation of rotor and stator cores. 

➢ Further cause increase in no load current of the motor. 

➢ So,it’s important to maintain flux, φ constant and it is only possible if we 

change voltage. 

➢ If we decrease frequency flux increases but at the same time if we decrease voltage 

flux will also decease causing no change in flux and hence it remains constant.  

➢ So, here we are keeping the ratio of V/f as constant.  

➢ Hence its name is V/ f method.  

Controlling supply voltage:(3 M) 

➢ The torque produced by running three phase induction motor is given by 

 
 

➢ In low slip region (sX)2 is very very small as compared to R2.  

➢ So, it can be neglected. So torque becomes 

 
➢ Since rotor resistance, R2 is constant so the equation of torque further reduces to 

 
➢ We know that rotor induced emf E2 ∝ V. So, T ∝ sV2. 

➢ If we decrease supply voltage torque will also decrease. 

➢ But for supplying the same load, the torque must remain the same. 

➢ It is only possible if we increase the slip and if the slip increases the motor will run 

at reduced speed.  

➢ This method of speed control is rarely used because small change in speed requires 

large reduction in voltage, and hence the current drawn by motor increases, which 

cause over heating of induction motor. 

Changing the number of stator poles:    (3 M) 
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➢ The stator is provided by two separate winding.  

➢ These two stator windings are electrically isolated from each other and are wound for 

two different pole numbers.  

➢ Supply is given to one winding only and hence speed control is possible.  

➢ Disadvantages of this method is that the smooth speed control is not possible. 

➢  This method is costlier and less efficient as two different stator winding are required.  

➢ This method of speed control can only be applied for squirrel cage motor. 

Adding rheostat in the stator circuit:                                                                   (3 M) 

➢ In this method of speed control of three phase induction motor rheostat is added in 

the stator circuit due to this voltage gets dropped. 

➢ In case of three phase induction motor torque produced is given by T ∝ sV2
2. 

➢ If we decrease supply voltage torque will also decrease. 

➢  But for supplying the same load, the torque must remain the same and it is only 

possible if we increase the slip and if the slip increase motor will run reduced speed. 

5 

Explain in detail the slip power recovery scheme.(Nov/Dec 2011&2012& 2013 & 

2014)(May/June 2014) (13 M) BTL 2 

Answer: Page: 4.20 to 4.24 -Gnanavadivel 

SCHERBIUS SYSTEM(6M) 

➢ The scherbius system is like Kramer system but only difference is that in the Kramer 

system the feedback is mechanical and in the scherbius system the return power is 

electrical.  

➢ The different types of scherbius system are: 

• Conventional scherbius drive  

• Static scherbius drive 

CONVENTIONAL SCHERBIUS DRIVE: 

➢ This method consists of SRIM, rotary converter, DC motor and induction generator. 

➢ Here, the rotary converter converts slip power into DC power and the DC power fed 

to the DC motor. 

➢ The Dc motor is coupled with induction generator. 

➢ The induction generator converters the mechanical power into the electrical power 

and returns it to the supply line.  

➢ The SRIM speed can be controlled by varying the field regulator of the DC motor. 
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STATIC SCHERBIUS DRIVE:  

➢ For the speed control SRIM both below and the above synchronous speed, static 

scherbius drive is used.  

➢ This system can again be classified as  

• DC link static scherbius drive  

• Cycloconverter static scherbius drive 

DC LINK STATIC SCHERBIUS DRIVE(7 M) 

➢ This system consists of SRIM, two numbers of phase-controlled bridges, smoothing 

inductor and step up transformer.  

➢ This system used for sub synchronous and super synchronous speed operation. 

Sub synchronous speed operation  

➢ In sub synchronous speed control of SRIM, slip power is removed from the rotor circuit 

and is pumped back into the ac supply.  

➢ In the scherbius system, when a machine is operated at sub synchronous speed. 

➢ Phase controlled bridge 1 operates in the rectifier mode and bridge 2 operates in the 

inverter mode.  

➢ In other words, bridge 1 has firing angle less than the 900 whereas bridge 2 has firing 

angle more than 900 

➢ The slip power flows from rotor circuit to bridge 1, bridge2, transformer and return to 

the supply. 

 
➢ Slip power→ rectifier (bridge1) → inverter bridge2→transformer→supply 

Super synchronous speed operation 

➢ In super synchronous speed operation, the additional power is fed into the rotor circuit 

at slip frequency. 

➢ In the scherbius system, when the machine is operated at super synchronous speed, 

➢ Phase controlled bridge 2 should operate in rectifier mode and bridge1 in inverter mode. 

➢ In other words, the bridge2 has firing angle less than 900 and bridge 1 has firing angle 

more than 900.  

➢ The slip power flows from the supply to transformer, bridge2 (rectifier), bridge1 (line 

commutated inverter) and to the rotor circuit. 
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➢ Supply → transformer →rectifier (bridge2) → Bridge 1 (inverter) →rotor circuit 

➢ Near synchronous speed, the rotor voltage is low, and forced commutation must be 

employed in the inverter. 

➢ The replacement of 6 diodes by 6 thyristors increases the converter cost and also 

necessitate the introduction of slip frequency gating circuit.  

➢ Difficulty is experienced near synchronous speed when slip frequency emfs are 

insufficient for line or natural commutation. 

➢ Forced commutation methods are necessary for the passage through synchronism. 

 PART * C 

1. 

Explain the various techniques of speed control of induction motor from rotor side 

control. (April/May 2012) (May/June 2014) (15 M) BTL 2 

Answer: Page: 4.15 to 4.20 - Gnanavadivel 

Adding external resistance on rotor side:                                                          (5 M) 

➢ In this method of speed control of three phase induction motor external resistance 

are added on rotor side.  

➢ The equation of torque for three phase induction motor is 

 
➢ The three-phase induction motor operates in low slip region.  

➢ In low slip region term (sX)2becomes very very small as compared to R2.  

➢ So, it can be neglected. and also, E2 is constant.  

➢ So, the equation of torque after simplification becomes, 

 
➢ Now if we increase rotor resistance, R2 torque decreases but to supply the same load 

torque must remain constant.  

➢ So, we increase slip, which will further result in decrease in rotor speed.  

➢ Thus, by adding additional resistance in rotor circuit we can decrease the speed of 

three phase induction motor.  

Advantage  

➢ Addition of external resistance starting torque increases.  
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Disadvantages: 

➢ The speed above the normal value is not possible. 

➢ Large speed change requires large value of resistance and if such large value of 

resistance is added in the circuit it will cause large copper loss and hence reduction 

in efficiency. 

➢ Presence of resistance causes more losses. 

➢ This method cannot be used for squirrel cage induction motor. 

 

Cascade control method:                                                                                   (5 M) 

➢ The two three phase induction motor are connected on common shaft and hence 

called cascaded motor.  

➢ One motor is the called the main motor and another motor is called the auxiliary 

motor.  

➢ The three-phase supply is given to the stator of the main motor while the auxiliary 

motor is derived at a slip frequency from the slip ring of main motor. 

➢ Let NS1 be the synchronous speed of main motor. 

NS2 be the synchronous speed of auxiliary motor. 

P1 be the number of poles of the main motor. 

P2 be the number of poles of the auxiliary motor. 

F is the supply frequency. 

F1 is the frequency of rotor induced emf of main motor. 

N is the speed of set and it remains same for both the main and auxiliary motor as 

both the motors are mounted on common shaft. 

➢ S1 is the slip of main motor. 

 
➢ The auxiliary motor is supplied with same frequency as the main motor i.e 

 
➢ Now put the value of 

 
➢ Now at no load, the speed of auxiliary rotor is almost same as its synchronous speed 

i.e N = NS2 
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➢ Now rearrange the above equation and find out the value of N, we get, 

 
➢ This cascaded set of two motors will now run at new speed having number of poles 

(P1 + P2).  

➢ In the above method the torque produced by the main and auxiliary motor will act in 

same direction, resulting in number of poles (P1 + P2).  

➢ Such type of cascading is called cumulative cascading.  

➢ There is one more type of cascading in which the torque produced by the main 

motor is in opposite direction to that of auxiliary motor.  

➢ Such type of cascading is called differential cascading; resulting in speed 

corresponds to number of poles (P1 - P2). 

Injecting slip frequency emf into rotor side:                                                       (5 M) 

➢ When the speed control of three phase induction motor is done by adding resistance 

in rotor circuit, 

➢ Therefore, the efficiency of three phase induction motor is reduced by this method 

of speed control. 

➢  This slip power loss can be recovered and supplied back in order to improve the 

overall efficiency. 

➢ This scheme of recovering the power is called slip power recovery scheme. 

➢ This is done by connecting an external source of emf of slip frequency to the rotor 

circuit.  

➢ The injected emf can either oppose the rotor induced emf or aids the rotor induced 

emf.  

➢ If it opposes the rotor induced emf, the total rotor resistance increases and hence 

speed decreases. 

➢ The injected emf aids the main rotor emf the total decreases and hence speed 

increases.  

Therefore by injecting induced emf in rotor circuit the speed can be easily controlled. 

2. 

A 3ph 440 V distribution circuit is designed to supply not more than 1200A. Assuming 

that a 3ph squirrel cage induction motor has full-load efficiency of 0.85 and a full-load 

power factor of 0.85 and that the starting current at rated voltage is 5 times the rated 

full load current what is the maximum permissible kW rating of the motor if it is to be 

started using an auto transformer stepping down the voltage to 80%?N/D/14 (15 M) 

BTL 5 

➢ Maximum possible permissible current that induction motor can take from the 

distribution circuit is 1200A at the time of starting. 

➢ 𝐼𝑠𝑡 = 5 ∗ 𝐼𝑟𝑎𝑡𝑒𝑑 

➢ 𝐼𝐿(𝑟𝑎𝑡𝑒𝑑) =
𝐼𝑠𝑡

5
=

1200

5
= 240𝐴 

➢ Maximum kW rating= √3𝑉𝑙𝐼𝑙 cos𝜙 ∗ 𝜂 

• = √3 ∗ 400 ∗ 240 ∗ 0.85 ∗ 0.8 

• = 113.068kW(5 M) 

➢ If it is designed to have sta-delta starter, then star delta starter is equivalent to 

autotransformer with 57.8% tapping i.e. ratio(
1

√3
) 
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➢ 𝐼𝑠𝑡 = 𝑋0
2 ∗ 5 ∗ 𝐼𝐿 = (

1

√3
)
2

∗ 5 ∗ 𝐼𝐿 

➢ 𝐼𝐿=
1200∗3

5
= 720𝐴 

➢ (𝑘𝑊)𝑚𝑎𝑥) = √3 ∗ 400 ∗ 720 ∗ 0.8 ∗ 0.85=339.204kW (5 M) 

➢ For autotransformer starts,𝑋2 ∗ 5 ∗ 𝐼𝐿 

➢ 1200=(0.8)2)* 5* 𝐼𝐿 

➢ 𝐼𝐿 = 375𝐴 

➢ (𝑘𝑊)𝑚𝑎𝑥 = √3 ∗ 400 ∗ 720 ∗ 0.8 ∗ 0.85=176.669Kw(5M) 

 

 

Explain with neat diagram, the construction and working of DOL starter. (15 M) BTL 

1 

Answer: Page :4.01 -Gnanavadivel 

Construction of DOL Starter   (5 M) 

➢ It consists of two buttons, GREEN for starting and RED for stopping purpose. 

➢ The DOL starter comprises of an MCCB or circuit breaker, contactor and an 

overload relay for protection.  

➢ To start the motor, we close the contact by pushing Green Button, and the full line 

voltage appears to the motor.  

➢ Contactor can be of 3 poles or 4-pole. Below given contactor is of 4-pole type.  

➢ It contains three NO (normally open) contacts that connect the motor to supply 

lines, 

➢ Fourth contact is "hold on contact" (auxiliary contact) which energizes the contactor 

coil after the start button is released.  

➢ If any fault occurs, the auxiliary coil gets de-energized. 

➢ Hence the starter disconnects the motor from supply mains.  

➢ Overload Protection When motor draws excessive current to meet the load 

requirement. 

➢ If load requirement goes beyond the rated limit, termed as Overload.  

➢ Overload protection is a type of security when motor draws over current or 

excessive current and causes overheating of the equipment.  

➢ Overload is also the type of over current.  

➢ So, overload relays are employed to limit the amount of current drawn. 

➢ Fuse or MCB used in the system protects the over current.  
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Explanation:(5 M) 

➢ The DOL starter connects the 3-phase main with the motor. 

➢ The control circuit is connected to any two phases and energised from them only.  

➢ When we press the start button, the current flows through contactor coil 

(Magnetizing Coil) and control circuit also.  

➢ The current energizes the contactor coil and leads to close the contacts. 

➢ 3-phase supply becomes available to the motor.  

➢ If we press the stop button, the current through the contact becomes discontinued. 

➢ Hence supply to the motor will not be available. 

➢ Similar thing will happen when overload relay operates.  

➢ Since the supply of motor breaks, the machine will come to rest.  

➢ The contactor coil (Magnetizing Coil) gets supply even though we release start 

button because when we release start button. 

➢ It will get supply from the primary contacts as illustrated in the diagram of the 

Direct Online Starter. 
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 UNIT V SINGLE PHASE INDUCTION MOTORS AND SPECIAL MACHINES 

 

Constructional details of single phase induction motor – Double field revolving theory and 

operation – Equivalent circuit – No load and blocked rotor test – Performance analysis – 

Starting methods of single-phase induction motors – Capacitor-start capacitor run Induction 

motor- Shaded pole induction motor - Linear induction motor – Repulsion motor - 

Hysteresis motor - AC series motor- Servo motors- Stepper motors - introduction to 

magnetic levitation systems. 

Q.No PART * A 

1 

Name the two windings of a single-phase induction motor. (Nov/Dec 2018)BTL 1 

➢ Running winding (main winding) 

➢  Starting winding (auxiliary winding) 

2 

What are the various methods available for making a single-phase motor self-

starting? (Nov/Dec 2012) BTL 1 

➢ By splitting the single phase 

➢ By providing shading coil in the poles 

➢ Repulsion starts method. 

➢ Capacitor starts capacitor run. 

3 

Differentiate "Capacitor start" and "Capacitor start capacitor run" induction 

motors. BTL 4 

In "capacity, start" motor capacitor is connected in series with the starting winding. But it 

will be disconnected from the supply when the motor picks up its speed. But in capacitor 

start, capacitor-run motor the above starting winding and capacitor are not disconnected, 

but always connected in the supply. So it has high starting and running torque. 

4 

Why single-phase induction motor has low power factor? BTL 2 

The current through the running winding lags the supply voltage by a very large angle. 

Therefore, power factor is very low. 

5 

Why a capacitor run type motor is considered as superior one? BTL 2 

➢ It has high starting and running torques. 

➢ Current drawn is less because of higher power factor 

➢ It can be started with some load. 

6 

How can a universal motor rotation be reversed? BTL 2 

➢ The direction of rotation of the concentrated-pole (or salient-pole) type universal 

motor    may be reversed by reversing the flow of current through either the 

armature or field windings. 

➢ The direction of rotation of the distributed field compensating type universal motor 

may be reversed by interchanging either the armature or field leads and shifting the 

brushes against the direction in which the motor win rotates. 

7 

What is the function of centrifugal switch in a single phase - induction motor? 

(April/May 2012) BTL 1 

Its function is to automatically disconnect the starting winding from the supply when the 

motor has reached 70 to 80 percent of its full speed is reached. 

8 Why a single-phase induction motor is not self-starting? BTL 2 
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When the motor is fed from a single-phase supply, its stator winding produces an 

alternating or pulsating flux, which develops no torque. That is why a single-phase motor is 

not self-starting. 

9 

Why should a motor be named as universal motor? BTL 2 

The available supply in the universe is both A.C and D.C. So the rotor, which works on 

both A.C and D.C, is called universal motor. 

10 

What is the use of shading ring in a shaded pole motor? BTL 1 

The shading coil causes the flux in the shaded portion to lag the flux in UN shaded portion 

of pole. This gives in effect a rotation of flux across the pole (ace and under the influence of 

this moving flux a starting torque is developed. 

11 

Stare the advantages of using capacitor start motor over a resistance split phase 

motor. (April/May 2012) BTL1 

➢ The starting current of capacitor start motor is less than resistance split phase 

motor 

➢ Starting torque of the capacitor motor is twice that of resistance start motor. 

12 

How will you change the direction of a split phase induction motor? (Nov/Dec 2014) 

BTL 2 

By changing the direction of current either in the starting winding or in the running winding 

the direction of rotation can be changed. 

13 

State double revolving field theory. (Nov/Dec 2013) BTL 1 

Double revolving theory, formulated by Ferrari, states that a single pulsating magnetic field 

m
  as its maximum value can be resolved into two rotating magnetic fields of 2/

m
  as 

their magnitude rotating in opposite direction as synchronous speed proportional to the 

frequency of the pulsating field. 

14 
What type of motor is used for ceiling fan? (Nov/Dec 2011) (May/June 2014) BTL 2 

        Singe phase induction motor. 

15 

State the application of shaded pole motor. (Nov/Dec 2011) BTL 1 

➢ Low power household application because the motors have low starting torque and 

efficiency ratings 

➢ Hair dryers, humidifiers and timing devices.  

16 
What is meant by single phasing? (Nov/Dec 2012) BTL 1 

Induction motor can operate in single phase supply is called as single phasing. 

17 

What is the principle of reluctance motor? (Nov/Dec 2014) BTL 1 

A reluctance torque is the torque produced in a motor in which the reluctance of the airgap 

is a function of angular position of the rotor, with respect to stator coils. A motor which 

develops torque only due to the difference in reluctance in two axes is known as reluctance 

motor. 

18 

What could be the reasons if a split-phase motor runs too slow? BTL 1 

Any one of the following factors could be responsible.  

➢ Short-circuited or open winding in field circuit. 

➢ Over load. 

➢ Grounded starting and running winding. 

➢ Wrong supply voltage and frequency. 

19 
What is the main basic difference between the principle of operation of a 3-phase and 

single -phase induction motors? BTL 1 
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When three-phase supply is given to 3-phase induction motor, a rotating magnetic field is 

produced and the rotor-starts rotating. But when single-phase supply is given to single-

phase motor only a pulsating flux is produced. So motor is not self-starting. Therefore, to 

make it self-starting split-phase arrangement is made by providing an auxiliary winding. 

20 

What is a universal motor? BTL 1 

A universal motor is defined as a motor, which may be, operated either on direct current or 

single-phase A.C supply, at approximately, the same speed and output. 

21 

State some applications of universal motor. BTL 1 

Used for sewing machines, table fans, vacuum cleaners, hair driers, blowers and kitchen 

appliances etc. 

22 

What are the inherent characteristics of plain 1-phase Induction motor? BTL 1 

A plain 1-phase Induction motor is not used in practice due to the following inherent 

characteristics 

➢ A plain 1-phase Induction motor does not have any starting torque. 

➢ However, if the rotor is initially given a starting torque, by some means, the motor 

can pick up its   speed in a direction at which the initial torque is given and deliver 

the required output. 

23 

Give the names of three different types of single-phase induction motor. BTL 1 

➢ Split-phase motor 

➢ Shaded pole motor  

➢ Single phase series motor 

➢ Repulsion motor 

➢ Reluctance motor 

24 

How can a universal motor rotation be reversed? BTL 2 

➢ The direction of rotation of the concentrated-pole (or salient-pole) type universal 

motor may be reversed by reversing the flow of current through either the armature 

or field windings. 

➢ The direction of rotation of the distributed field compensating type universal motor 

may be reversed by interchanging either the armature or field leads and shifting the 

brushes against the direction in which the motor win rotates. 

25 

How can the direction of a capacitor run motor be reversed? (Nov/Dec 2015) BTL 2 

The direction of rotation of capacitor run motor can be reversed by reversing the 

connection of any one of the winding. 

26 

Distinguish the terms rotating and pulsating magnetic fields.  (May/June 2015) BTL 4 

Rotating magnetic   field Pulsating   magnetic   field 

Three phase induction motor produce 

rotating magnetic field. 

Single phase induction motor 

produce pulsating magnetic field. 

Field strength is high  Field strength is low 

Resultant flux will be 1.5 times the 

maximum flux at starting. 

Resultant flux will be zero at 

starting. 
 

27 

State the limitations of shaded pole motors. (May/June 2015) BTL 1 

➢ Low power factor. 

➢ The starting torque is very poor. 

➢ The efficiency is very low as, the copper losses are high due to presence of copper 
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band. 

 PART * B 

1 

Give the classification of single phase motors. Explain any two types of single phase 

induction motors. (13M) (Nov/Dec 2013, May 2018)BTL 1 

Answer: Page:5.07 to 4.15 – J. Gnanavadivel 

➢ Split phase induction motor 

➢ Capacitor start induction motor 

➢ Capacitor start capacitor run induction motor 

➢ Shaded pole induction motor                                              (2 M) 

The single-phase induction motor is classified according to the starting methods, 

Resistance start (split phase) induction motor                                      (5 M) 

 
➢ The essential parts of the split phase motor include main winding, auxiliary winding 

and a centrifugal switch. 

➢ The auxiliary or starting winding carries a series resistance such that its impedance 

becomes highly resistive in nature. 

➢ It is not wound identical to the main winding but contains fewer turns of much 

smaller diameter as compared to main winding. 

➢ This will reduce the amount of start current lags the voltage. 

➢ The main winding is inductive in nature in such that current lags the voltage by 

some angle.  

➢ This winding is designed for the operation of 75 % of synchronous speed and above. 

➢ These two windings are connected in parallel across the supply. 

➢ Due to the inductive nature, current through main winding lags the supply voltage 

by a large angle. 

➢ Current through starting winding is almost in phase with voltage due to resistive 

nature. 

➢ Hence there exists a phase difference between these currents and thereby phase 

difference between the fluxes produced by these currents.  

➢ The resultant of these two fluxes produce rotating magnetic field and hence the 

starting torque. 

➢ The centrifugal switch is connected in series with the starting winding.  

➢ When the motor reaches 75 to 80 percent of synchronous speed, the centrifugal 

switch is opened mechanically and thereby auxiliary winding is out of the circuit.  

➢ Therefore, the motor runs only with main winding. 
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➢ Split phase motors give poor starting torque due to small phase difference between 

main and auxiliary currents.  

➢ Also, the power factor of these motors is poor.  

➢ These are mainly used for easily started loads such as blowers, fans, washing 

machines, grinders, etc. 

Capacitor Start Induction Motor(6 M) 

➢ This motor is similar to the split phase motor. 

➢ Capacitor is connected in series to auxiliary winding.  

➢ This is a modified version of split phase motor. 

➢ Since the capacitor draws a leading current, the use of a capacitor increases the 

phase angle between the two currents (main and auxiliary) and hence the starting 

torque.  

➢ Here the capacitor is of dry-type electrolytic one which is designed only for 

alternating current use.  

➢ Due to the inexpensive type of capacitors, these motors become more popular in 

wide applications. 

➢ These capacitors are designed for definite duty cycle, but not for continuous use. 

➢ The schematic diagram of capacitor start motor is shown in figure below. 

 
➢ The operation of this motor is similar to the split phase motor where the starting 

torque is provided by additional winding. 

➢ Once the speed is picked up, the additional winding along with capacitor is removed 

from the circuit with the help of centrifugal switch. 

➢ But, the difference is that the torque produced by this motor is higher than split 

phase motor due to the use of capacitor. 

➢ Due to the presence of a capacitor, the current through auxiliary winding will leads 

the applied voltage by some angle which is more than that of split case type. 

➢ Thus, the phase difference between main and auxiliary currents is increased and 

thereby starting torque. 

➢ The performance of this motor is identical to the split phase motor when it runs near 

full load RPM.  

➢ Due to the capacitor, the inrush currents are reduced in this motor. 

➢ These motors have very high starting torque up to 300% full load torque. 

➢ However, the power factor is low at rated load and rated speed. 

➢ Owing to the high starting torque, these motors are used in domestic as well as 

industrial applications such as water pumps, grinders, lathe machines, compressors, 

drilling machines, etc. 
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2 

Explain the double field revolving theory for operation of single phase induction 

motor. (13M) (April/May 2012) & (Nov/Dec 2012) (May/June 2014) (Nov/Dec 

2014)(Nov/Dec 2015,  Nov 2017)BTL 6 

Answer: Page: 5.03 to 5.06 - J. Gnanavadivel 

Double field revolving theory:                                                                      (6 M) 

➢ According to this theory, any alternating quantity can be resolved into two rotating 

components. 

➢ Which rotate in opposite directions and each having magnitude as half of the 

maximum magnitude of the alternating quantity. 

➢ In case of single phase induction motors, the stator winding produces an alternating 

magnetic field having maximum magnitude of Φ1m. 

➢ According to double revolving field theory, consider the two components of the 

stator flux. 

➢ Each having magnitude half of maximum magnitude of stator flux i.e. (Φ1m/2).  

➢ Both these components are rotating in opposite directions at the synchronous speed 

Ns which is dependent on frequency and stator poles. 

➢ Let Φf is forward component rotating in anticlockwise direction. 

➢ Φbis the backward component rotating in clockwise direction.  

➢ The resultant of these two components at any instant gives the instantaneous value 

of the stator flux at the instant. 

➢ So resultant of these two is the original stator flux. 

 

Fig. 1 Stator flux and its two components(2 M) 

➢ The Fig. 1 shows the stator flux and its two components Φf  andΦb. 

➢ At start both the components are shown opposite to each other in the Fig.1(a).  

➢ Thus, the resultant ΦR = 0. This is nothing but the instantaneous value of the stator 

flux at start.  

➢ After 90o , as shown in the Fig. 1(b), the two components are rotated in such a way 

that both are pointing in the same direction. 

➢ Hence the resultant ΦR is the algebraic sum of the magnitudes of the two 

components. So ΦR = (Φ1m/2) + (Φ1m/2) =Φ1m.  

➢ This is nothing but the instantaneous value of the stator flux at θ = 90o as shown in 

the Fig 1(c).  

➢ Thus, continuous rotation of the two components gives the original alternating stator 

flux. 

➢ Both the components are rotating and hence get cut by the motor conductors.  

➢ Due to cutting of flux, e.m.f. gets induced in rotor which circulates rotor current. 
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➢ The rotor current produces rotor flux.  

➢ This flux interacts with forward component Φf  to produce a torque in one particular 

direction say anticlockwise direction.  

➢ While rotor flux interacts with backward component Φb to produce a torque in the 

clockwise direction. 

➢ So if anticlockwise torque is positive then clockwise torque is negative. 

➢ At start this two torque are equal in magnitude but opposite in direction.  

➢ Each torque tries to rotate the rotor in its own direction.  

➢ Thus, net torque experienced by the rotor is zero at start.  

➢ And hence the single-phase induction motors are not self-starting. 

Torque speed characteristics                                                                     (5 M) 

➢ The two oppositely directed torques and the resultant torque can be shown 

effectively with the help of torque-speed characteristics.  

➢ It is shown in the Fig.2. 

 

Fig. 2  Torque-speed characteristic 

 

➢ At start N = 0 and at that point resultant torque is zero.  

➢ So single phase motors are not self-starting. 

➢ However, if the rotor is given an initial rotation in any direction. 

➢ Resultant average torque increases in the direction in which rotor initially rotated. 

➢ And motor starts rotating in that direction.  

➢ But in practice it is not possible to give initial torque to rotor. 

➢ Externally hence some modifications are done in the construction of single phase 

induction motors to make them self-start. 

3 

Explain the principle and operation of capacitor run induction motor and capacitor-

start capacitor run induction motor.  (May 2018 ) (13 M) BTL 2 

Answer: Page: 5.10 -  J. Gnanavadivel 

Permanent Capacitor Induction Motor(6 M) 

➢ This motor is also called as a capacitor run motor. 

➢ Low capacitor is connected in series with the starting winding and is not removed 

from the circuit even in running condition.  

➢ Due to this arrangement, centrifugal switch is not required. 
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➢ Here the capacitor can run continuously.  

➢ The low value capacitor produces more leading phase shift bur less total starting 

current as shown in phasor diagram. 

➢ Hence, the starting torque produced by these motors will be considerably lower than 

that of capacitor start motor.  

➢ The schematic circuit of this motor is shown in figure below. 

 
 

➢ In this, the auxiliary winding and capacitor remains in circuit permanently and 

produce an approximate two-phase operation at rated load point.  

➢ This will result better power factor and efficiency.  

➢ However, the starting torque is much lower in these motors, typically about 80 

percent of full load torque. 

➢ Due to the continuous duty of auxiliary winding and capacitor, the rating of these 

components should withstand running conditions and hence permanent capacitor 

motor is more than equivalent split phase or capacitor start motors.  

➢ These motors are used in exhaust and intake fans, unit heaters, blowers, etc. 

Capacitor Start and Capacitor Run Induction Motor(7 M) 

➢ These motors are also called as two-value capacitor motors.  

➢ It combines the advantages of capacitor start type and permanent capacitor type 

induction motors. 

➢ This motor consists of two capacitors of different value of capacitance for starting 

and running.  

➢ A high value capacitor is used for starting conditions while a low value is used for 

running conditions. 

➢ It is to be noted that this motor uses same winding arrangement as capacitor-start 

motor during start-up and permanent capacitor motor during running conditions.  

➢ The schematic arrangement of this motor is shown in figure below. STUCOR A
PP
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➢ At starting, both starting and running capacitors are connected in series with the 

auxiliary winding.  

➢ Thus, the motor starting torque is more compared with other types of motors. 

➢ Once the motor reaches some speed, the centrifugal switch disconnects the starting 

capacitor and leaves the running capacitor in series with auxiliary winding. 

➢ Thus, both running and auxiliary windings remain during running condition, thereby 

improved power factor and efficiency of the motor. 

➢ These are the most commonly used single phase motors due to high starting torque 

and better power factor.  

➢ These are used in compressors, refrigerators, air conditioners, conveyors, ceiling 

fans, air circulators, etc. 

 

4 

Explain the working principle of single phase induction motor. Mention its four 

applications.  (13 M) BTL 2 

Answer: Page: 5.02 - J. Gnanavadivel 

Stator: 

➢ As its name indicates stator is a stationary part of induction motor.  

➢ Single phase AC supply is given to the stator of single phase induction motor. 

Rotor: 

➢ The rotor is a rotating part of an induction motor.  

➢ The rotor connects the mechanical load through the shaft.  

➢ The rotor in the single-phase induction motor is of squirrel cage rotor type.  

➢ The construction of single phase induction motor is almost similar to the squirrel 

cage three-phase induction motor.  

➢ But in case of a single phase induction motor, the stator has two windings instead of 

one three-phase winding in three phase induction motor. 

Working Principle of Single Phase Induction Motor 

➢ When we apply a single-phase AC supply to the stator winding of single phase 

induction motor. 

➢ The alternating current starts flowing through the stator or main winding.  

➢ This alternating current produces an alternating flux called main flux.  

➢ This main flux also links with the rotor conductors and hence cut the rotor 

conductors.  

➢ According to the Faraday’s law of electromagnetic induction, emf gets induced in 

the rotor. 
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➢ As the rotor circuit is closed one so, the current starts flowing in the rotor.  

➢ This current is called the rotor current.  

➢ This rotor current produces its flux called rotor flux.  

➢ Since this flux is produced due to the induction principle so, the motor working on 

this principle got its name as an induction motor.  

➢ Now there are two fluxes one is main flux, and another is called rotor flux.  

➢ These two fluxes produce the desired torque which is required by the motor to 

rotate.                              (5 M) 

Why Single-Phase Induction Motor is not Self Starting? (3 M) 

➢ According to double field revolving theory, we can resolve any alternating quantity 

into two components.  

➢ Each component has a magnitude equal to the half of the maximum magnitude of 

the alternating quantity, and both these components rotate in the opposite direction 

to each other.  

➢ For example - a flux, φ can be resolved into two components.  

 
 

➢ Each of these components rotates in the opposite direction i. e if one φm/2 is rotating 

in clockwise direction then the other φm / 2 rotates in anticlockwise direction. 

➢ When we apply a single-phase AC supply to the stator winding of single phase 

induction motor. 

➢ it produces its flux of magnitude, φm.  

➢ According to the double field revolving theory, this alternating flux, φm is divided 

into two components of magnitude φm/2.  

➢ Each of these components will rotate in the opposite direction, with the synchronous 

speed, Ns.  

➢ Let us call these two components of flux as forwarding component of flux, φf and 

the backward component of flux, φb.  

➢ The resultant of these two components of flux at any instant of time gives the value 

of instantaneous stator flux at that particular instant. 

 
➢ Now at starting condition, both the forward and backward components of flux are 

exactly opposite to each other.  

➢ Also, both of these components of flux are equal in magnitude.  

➢ So, they cancel each other and hence the net torque experienced by the rotor at the 

starting condition is zero.  

➢ So, the single-phase induction motors are not self-starting motors. 

Methods for Making Single Phase Induction as Self Starting Motor                       (3 M) 

➢ We require two alternating flux, having some phase difference angle between them.  

➢ When these two fluxes interact with each other, they will produce a resultant flux.  

➢ This resultant flux is rotating in nature and rotates in space in one particular 

direction only. 

➢ Once the motor starts running, we can remove the additional flux.  

➢ The motor will continue to run under the influence of the main flux only.  
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➢ Depending upon the methods for making asynchronous motor as Self Starting 

Motor. 

Four types of single phase induction motornamely,                             (2 M) 

➢ Split phase induction motor, 

➢ Capacitor start inductor motor, 

➢ Capacitor start capacitor run induction motor, 

➢ Shaded pole induction motor. 

➢ Permanent split capacitor motor or single value capacitor motor. 

 

5 

Write the principle and working of hysteresis motor and AC series motor. Explain 

briefly.(13 M)  (Nov/Dec 2011)& (Nov/Dec 2012,  Nov 2017) (May/June 2014,  May 

2018) (Nov/Dec 2014)BTL 2 

Answer:  Page:5.46 to 5.49 - J. Gnanavadivel 

Constructional features of Hysteresis Motor:(7 M) 

It consists of 

➢ Stator 

➢ Single phase stator winding 

➢ Rotor 

➢ Shaft 

➢ Shading coil 

 

Stator: 

➢ Stator of hysteresis motor is designed in a particular manner to produce synchronous 

revolving field from single phase supply.  

➢ Stator carries two windings,  

o main winding 

o auxiliary winding.  

➢ In another type of design of hysteresis motor, the stator holds the poles of shaded 

type. 

Rotor:  

➢ Rotor of hysteresis motor is made of magnetic material that has high hysteresis loss 

property.  

➢ Example of this type of materials is chrome, cobalt steel or alnico or alloy. 

➢  Hysteresis loss becomes high due to large area of hysteresis loop. 

 
OPERATION 

➢ Starting behavior of a hysteresis motor is like a single phase induction motor and 

running behavior is same as a synchronous motor.  
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➢ Step by step its behavior can be realized in the working principle that is given 

below.  

➢ When stator is energized with single phase AC supply, rotating magnetic field is 

produced in stator. 

➢ To maintain the rotating magnetic field the main and auxiliary windings must be 

supplied continuously at start as well as in running conditions. 

➢ At the starting, by induction phenomenon, secondary voltage is induced in the rotor 

by stator rotating magnetic field.  

➢ Hence eddy current is generated to flow in the rotor and it develops rotor. 

➢ Thus, eddy current torque is developed along with the hysteresis torque in the rotor. 

➢ Hysteresis torque in the rotor develops as the rotor magnetic material is with high 

hysteresis loss property and high retentivity. 

➢ The rotor goes under the slip frequency before going to the steady state running 

condition. 

➢ So, it can be said that when the rotor starts to rotate with the help of these eddy 

current torque due to induction phenomenon, it behalves like a single-phase 

induction motor. 

APPLICATIONS 

➢ Sound producing equipment 

➢ Sound recording instruments 

➢ High quality record players 

➢ Timing devices 

➢ Electric clocks 

➢ Tele-printers. 

AC series motors(6 M) 

➢ It is also known as the modified DC series motor as their construction is very similar to 

that of the DC series motor.  

➢ An AC supply will produce an unidirectional torque because the direction of both the 

currents (i.e. armature current and field current) reverses at the same time. 

➢ Due to presence of alternating current, eddy currents are induced in the yoke and field 

cores which results in excessive heating of the yoke and field cores. 

➢ Due to the high inductance of the field and the armature circuit, the power factor would 

become very low. 

➢ There is sparking at the brushes of the DC series motor. 

➢ So, considering above points we can say that we don’t have good performance of DC 

series motor on the application of AC supply.  

➢ Now to reduce the eddy currents there is need to laminate the yoke and field core.  

➢ Power factor is directly related to reactance of the field and armature circuit. 

➢ We can reduce the field winding reactance by reducing the number of turns in the field 

winding. 

➢ On reducing the number of turns, field mmf will decrease and due to this the air gap 

flux decrease.  

➢ The overall result of this is that there is an increase in the speed of the motor but 

decrease in the motor torque which is not desired. 

TYPES 

➢ Conductively compensated type of motors. 
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➢ Inductively compensated type of motors. 

Conductively Compensated Type of Motors 

➢ Given below is the circuit diagram of the conductively compensated type of motors. 

➢  In this type of motor, the compensating winding is connected in series with the 

armature circuit.  

➢ The winding is put in the stator slots. The axis of the compensating winding is 90o 

(electrical) with main field axis.  

Inductively Compensated Type of Motors 

➢ Given below is the circuit diagram of the inductively compensated type of motors.  

➢ In this type of motor, the compensating winding has no interconnection with the 

armature circuit of the motor.  

➢ In this case, a transformer action will take place as the armature winding will act as 

primary winding of the transformer. 

➢ Compensation winding will act as a secondary winding.  

➢ The current in the compensating winding will be in phase opposition to the current in 

the armature winding. 

 
➢ Given below is the complete schematic diagram of the single-phaseAC series motor 

with all the modifications (i.e. compensating winding and inter pole). 

 
 

6 

Explain the principle of operation and applications of repulsion motor. (8M) 

(April/May 2012)BTL 2 

Answer: Page:5.44 to 5.47 -  J. Gnanavadivel 

Repulsion Motor: 
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➢ It is a special kind of single phase AC motor which works due to the repulsion 

of similar poles.  

➢ The stator of this motor is supplied with 1 phase AC supply and rotor circuit is 

shorted through carbon brush. 

Construction of Repulsion Motor:(3 M) 

➢ The main components of repulsion motor are stator, rotor and commutator brush 

assembly.  

➢ The stator carries a single phase exciting winding similar to the main winding of 

single phase induction motor.  

➢ The rotor has distributed DC winding connected to the commutator at one end just 

like in DC motor.  

➢ The carbon brushes are short circuited on themselves. 

➢ Stator winding have single phase AC winding which produces the working mmf in 

the air gap.  

➢ The brushes on rotor are shown to be shorted.  

➢ As the rotor circuit is shorted, the rotor receives power from stator by transformer 

action. 

Working principle of Repulsion Motor:(5 M) 

➢ The basic principle behind the working of repulsion motor is that “similar poles 

repel each other.”  

➢ This means two North poles will repel each other.  

➢ Similarly, two South poles will repel each other. 

➢ When the stator winding of repulsion motor is supplied with single phase AC, it 

produces a magnetic flux along the direct axis. 

➢ This magnetic flux when link with the rotor winding, creates an emf.  

➢ Due to this emf, a rotor current is produced.  

➢ This rotor current in turn produces a magnetic flux which is directed along the brush 

axis due to commutator assembly.  

➢ Due to the interaction of stator and rotor produced fluxes, an electromagnetic torque 

is produced. 

➢ In the above figure, the angle α between the stator produced field and brush axis is 

90°.  

➢ This means, the brush axis is in quadrature with the direct.  

➢ Under this condition, there will not be any mutual induction between the stator and 

rotor windings.  

➢ Therefore, no emf and hence no rotor current is produced. Thus, no electromagnetic 

torque is developed. 

➢ This means that motor will not run when α = 90°.  

➢ As the stator produced flux is unaffected by the zero rotor mmf, this condition is 

similar to the open circuit transformer.  

➢ This is the reason, the brush position of α = 90° is called open-circuit, no-load, high 

impedance or neutral position. 
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 PART * C 

1 

Explain the no-load test and blocked rotor test for obtaining the equivalent circuit 

parameters of a single-phase induction motor.(15M) (Nov/Dec 2014,  Nov 2017)BTL 3 

Answer: Page: 5.18 to 5.21- J. Gnanavadivel 

EQUIVALENT CIRCUIT OF SINGLE PHASE INDUCTION MOTOR 

Without core loss(7 M) 

➢ Let the stator impedance be Z Ω 

                                Z = R1 + j X1 

                                R1 = Stator resistance 

                                X1 = Stator reactance 

                    X2  = rotor reactance referred to stator 

                                R2 = rotor resistance referred to stator 

➢ Hence the impedance of each rotor is r2 + j x2   where 

x2 = X2/2 

➢ The resistance of forward field rotor is r2/s while the resistance of backward field 

rotor is r2 /(2 - s).  

➢ The r2 value is half of the actual rotor resistance referred to stator. 

➢ As the core loss is neglected, Ro is not existing in the equivalent circuit.  

➢ The xois half of the actual magnetizing reactance of the motor. 

➢  So the equivalent circuit referred to stator is shown in the Fig.1. 
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➢ Now the impedance of the forward field rotor is Zf  which is parallel combination of  

(0 + j xo ) and (r2 /s) + j x2 

➢  

➢ While the impedance of the backward field rotor is Zb which is parallel combination 

of  (0 + j xo) and (r2 / 2-s) + j x2 

➢  

➢ Under standstill condition, s = 1 and 2 - s = 1 hence Zf  =Zb  and hence Vf = Vb.  

➢ But in the running condition, Vf  becomes almost 90 to 95% of the applied voltage. 

 

...                           Zeq  = Z1  + Zf  + Zb   = Equivalent impedance 

 

and                         I2b  = /((r2/2-s)  + j x2) 

                               Pf  = Power input to forward field rotor 

                                   = (I2f)
2 (r2/s)  watts 

                               Pb = Power input to backward field rotor 

                                    = (I2b)
2 (r2/2-s) watts 

 

                              Pm  = (1 - s){ Net power input}  

                                    = (1 - s) (Pf  - Pb ) watts 

 

                              Pout = Pm - mechanical loss - core loss 

➢  
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...                           Tf  = forward torque = Pf /(2πN/60) N-m 

and                        Tb = backward torque = Pb /(2πN/60) N-m 

                               T = net torque = Tf  - Tb   

 

while                       Tsh  = shaft torque = Pout /(2πN/60) N-m 

  

%η = (net output / net input) x 100 

With core loss(8 M) 

 

➢ If the core loss is to be considered then it is necessary to connect a resistance in 

parallel with, in an exciting branch of each rotor is half the value of actual core loss 

resistance. 

➢ Thus, the equivalent circuit with core loss can be shown as in the Fig. 2. 

 

➢ Let   Zof  = Equivalent impedance of exciting branch in forward rotor 

                                      = ro║(j xo ) 

 

and   Zob  = Equivalent impedance of exciting branch in backward rotor 

                                  = ro║(j xo ) 

                                             ...                          Zf  =Zof  ║( r2/s + j x2 ) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2 

Explain the operating principle of Linear Induction Motor with neat diagram. 

(Nov/Dec 2015)(Nov/Dec 2015) (15 M) BTL 2 

Answer: Refer Notes 

➢ A Linear Induction Motor is an advanced version of rotary induction motor. 

➢ It gives a linear translational motion instead of the rotational motion. 

➢ The stator is cut axially and spread out flat.  

➢ In this type of motor, the stator and rotor are called primary and secondary 

STUCOR A
PP

DOWNLOADED FROM STUCOR APP

DOWNLOADED FROM STUCOR APP



REGULATION:2013  ACADEMIC YEAR: 2018-2019 

JIT-JEPPIAAR/EEE/Mr. K. JAYAVELU/IIndYr/SEM 04 /EE8401/ELECTRICAL MACHINES - II/UNIT 1-5/QB+Keys/Ver1.0 

 
  2.81 
 

respectively.  

➢ The secondary of the linear induction motor consists of a flat aluminium conductor 

with a ferromagnetic core. 

➢ The polyphase rotator induction motor is shown below.                        (5 M) 

 

 
➢ If the stator is cut along the line ab and spread out flat the figure formed is 

shown below. 

 

  (8 M) 

➢ If a three-phase supply is connected to the stator of an induction motor, a rotating 

flux is produced. 

➢ This flux rotates at a synchronous speed in the air gap.  

➢ Similarly, if the primary of the linear induction motor is connected to the three-

phase supply. 

➢ A flux is produced which travel across the length of the primary.  

➢ A current is generated in the conductor which is made of the aluminum material. 

➢ The current, which is induced in the linear induction motor interacts with the 

travelling flux produces a linear force.  

➢ If secondary of the linear induction motor is fixed and the primary is free to move, 

the force will move the primary in the direction of the travelling wave. 

➢ The double sided linear induction motor (DLIM) is shown in the figure below. 
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➢ The Double sided linear induction motor has primary on both the sides of the 

secondary. 

➢ The linear synchronous speed of the travelling wave is given by the equation shown 

below. 

 
Where f is the supply frequency in hertz. 

➢ In the rotary induction motor, the speed of the secondary in the linear induction 

motor is less than the synchronous speed vs and is given as 

 
➢ Where s is the slip of the linear induction motor and is given as 

 
➢ The linear force is given by the equation shown below. 

 
➢ The thrust velocity curve of the linear induction motor is similar to that of the speed 

torque curve of the rotary induction motor.  

➢ It is shown in the figure below. 

 
Applications of the Linear Induction Motor                                                                 (2 M) 

➢ The main application of the LIM is in transportation and in electric traction system.  

➢ Primary is mounted on the vehicle and the secondary is laid on the track. 

➢ It is used in the cranes 

➢ Pumping of liquid metals 

➢ Actuators for the movement of doors 

➢ Used in High voltage circuit breakers and also in accelerators. 
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3 

Explain shaded pole induction motor with neat diagram.  (Nov 2017, Nov 2018) (15 M) 

BTL 2 

Answer: Page: 5.13 -  J. Gnanavadivel 

Shaded Pole Induction Motor 

➢ This motor uses entirely different technique to start the motor as compared with 

other motors so far we have discussed now. 

➢ This motor doesn’t use any auxiliary winding or even it doesn’t have a rotating 

field, but a field that sweeps across the pole faces is enough to drive the motor.  

➢ So, the field moves from one side of the pole to another side of the pole. 

➢ Although these motors are of small ratings, inefficient and have low starting torque. 

➢ These are used in a variety of applications due to its outstanding features like 

ruggedness, low initial cost, small size and simple construction. 

➢ A shaded pole motor consists of a stator having salient poles (or projected poles), 

and a rotor of squirrel cage type. 

➢ In this, stator is constructed in a special way to produce moving magnetic field. 

➢ Stator poles are excited with its own exciting coils by taking the supply from a 

single-phase supply. 

➢  A 4-pole shaded pole motor construction is given in below figure.  (5 M) 

 
➢ Each salient pole is divided into two parts; shaded and un-shaded.  

➢ A shading portion is a slot cut across the laminations at about one third distance 

from one edge, and around this a heavy copper ring is placed. 

➢ This part where shading coil is placed is generally termed as shaded part of the pole 

and remaining portion is called as un-shaded part as shown in figure. 

➢ When an alternating supply is given to the stator coils, an alternating flux will be 

produced.  

➢ The distribution of flux in the pole face area is influenced by the presence of copper 

shading band. 

➢ Let us consider the three instants, t1, t2, and t3 of alternating flux for an half cycle 

of the flux as shown in figure. 
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(5 M) 

➢ At instant t= t1, the rate of change of flux (rising) is very high.  

➢ Due to this flux, an emf is induced in the copper shading band and as the copper 

shading band is shorted, current circulates through it.  

➢ This causes current to create its own field.According to Lenz’s law, the current 

through copper shading band opposes the cause. 

➢ Therefore, the flux produced by shading ring opposes the main flux.  

➢ So, there is weakening of flux in the shaded part while crowding of flux in un-

shaded part.  

➢ So, the axis of overall flux shifts to non-shaded part of the pole as shown in the 

figure. 

➢ At instant t=t2, the rate of rise of flux is almost zero, and hence very little emf is 

induced in the shaded band. 

➢ It results negligible shaded ring flux and hence there is no much effect on 

distribution of main flux.  

➢ Therefore, the distribution of flux is uniform, and the overall flux axis lies at the 

center of the pole as shown in figure. 

➢ At instant t=t3, the rate of change of flux (decreasing) is very high and induces emf 

in copper shading band.  

➢ The flux produced by the shading ring is now opposes the cause according to 

Lennz’s law.  

➢ Here, the cause is decreasing flux, and opposing means its direction is same as that 

of main flux.  

➢ Hence, this flux strengthens the main flux.  

➢ So there will be crowding of flux in the shaded part compared to the non-shaded 

part. 

➢ Due to this overall flux axis shifts to the middle of shaded part. 

➢ This sequence will repeat for negative cycle too and consequently it produces 

moving magnetic field for every cycle from non-shaded part of the pole to shaded 
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part of the pole.  

➢ Due to this field, motor produces the starting torque. This starting torque is low 

about 40 to 50 percent of full load torque.  

➢ Therefore, these motors are used in low starting torque applications such as fans, toy 

motors, blowers, hair dryers, photocopy machines, film projectors, advertising 

displays, etc.                                                                                           (5 M) 

 

4. 

Explain the construction and working of stepper motor. (Nov 2018,  Nov 2017) (15 M) 

BTL1 

Permanent Magnet (PM) Stepper Motor: (10 M) 

➢ Permanent-magnet (PM) stepper motor has a stator construction like that of the 

single-stack variable reluctance motor.  

➢ The rotor is cylindrical and consists of permanent-magnet poles made of high 

retentivity steel.  

Diagram: (5 M) 

 

 
➢ The direction of rotation depends on polarity of phase current. 

➢ Clockwise - A+, B+, A-, B-, A+.  

➢ Anticlockwise - A+, B-, A-, B+, A+. 

➢ The PM stepper motors produces more toque per ampere stator current than VR 

motor. 
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