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Introduction 

Synchronous Generator or Alternator 
 

 

It is known that the electric supply used now-a-days for commercial, as well as 
domestic purposes, is of alternating type. Similar to d.c machines, the a.c machines 
associated with alternating voltages, are also classified as generators and motors. 

Machines generating alternating emf are called alternators or synchronous 
generators. While the machines accepting input from a.c supply to produce a 
mechanical output are called synchronous motors. Both these machines work at a 
specific constant speed called synchronous speed and hence in general are 
called synchronous machines. 

Alternator is a 3 phase A.C. generator which is mainly used in power stations to 
generate 3 phase AC. It is also called synchronous generator since it runs at 
synchronous speed which is given by, Ns = 120f / P where f is frequency of generated 
emf and P is No.of poles. Since frequency of generated e.m.f. is to be constant speed 
is to be constant for an alternator. The alternator has a field system and an armature 
like DC generator. But here, the field system is rotating and the armature is 
stationary. 

An alternator operates on the same fundamental principle of electromagnetic 
induction as a d.c. generator i.e., when the flux linking a conductor changes, an e.m.f. 
is induced in the conductor. Hence it needs - magnetic flux & a coil. 

To generate electricity in a coil either the coil should rotate with respect to a 
magnetic field or a magnetic field should rotate with respect to the coil. In alternator, 
second method is used. 

The group of coils used in alternator in the form of windings – ARMATURE 
WINDINGS. They are placed inside slots in ARMATURE CORE made up of silicon 
steel laminations. The electromagnets used are called magnetic FIELD POLES. 

The difference between d.c. generators and alternators are as follows: 

In alternators, the armature winding produces A.C. and it delivers A.C. Therefore, 
commutators are not required like d.c. generators and hence the construction is 
simple. 

In d.c. generators the armature rotates and the field is stationary. But in Alternators, 
the field system is rotating and the armature is stationary. 

http://www.electricalengineeringinfo.com/2014/08/principle-and-working-of-synchronous-generator-alternator.html%20Done
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Construction of an Alternator or Synchronous generator 

Q. Explain the construction of two types of Alternators with neat figures. 

An alternator has two parts- stator –which is stationary part and rotor which is 
rotating part. 

STATOR 
 

 
 
Stator is stationary part and is called ARMATURE which is an iron ring, formed of 
laminations of special magnetic iron or steel alloy. 

Parts of STATOR 

Frame- The Stator consists of a frame which is made up of mild steel or cast steel 
plates welded together to form a cylindrical drum. It is the outer part of the Alternator 
and protects the machine from moisture and other impurities. Its main function is to 
support the stator core and the field winding. It acts as a covering, and it provides 
protection and mechanical strength to all the inner parts of the induction motor. 

Armature- The armature has armature core and armature winding. Armature coils 
are stationary 3 phase wound coils. The armature core is made of laminations of 
special steel alloy i.e. silicon steel to reduce eddy current loss. The laminations are 
insulated from each other and pressed together to form the core. The core has 
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uniform slots on its inner periphery to accommodate armature conductors or 
winding. The frame has holes cast in it and radial ventilating ducts in the laminations 
help to cool the machine. 

ROTOR 

Rotor is rotating part and is called FIELD SYSTEM which has magnetic FIELD 
POLES producing magnetic flux. Rotor poles produce a rotating magnetic field and 
this rotating magnetic flux induces electricity in the armature coils. Rotor is similar 
to that of DC generator which is excited from a separate source of 125V or 250 V 
supply. The excitation is provided from a small DC shunt or compound generator 
known as exciter. 

There are two types of rotors- 
Salient Pole Rotor and 
Smooth Cylindrical or non-Salient Pole Rotor 
Hence we have two types of Alternators- Salient Pole Alternator and non-Salient 
Pole Alternator or Turbo Alternator. 

 
Salient Pole Rotor 

 
 

 
 
The alternator with salient pole rotor is called Salient Pole Alternator. The salient 
pole type of rotor consist of large number of projected poles (salient poles) with 
their cores bolted to a heavy magnetic wheel of cast iron or steel. The projected poles 
are made up from laminations of steel to reduce heating due to eddy current loss. 
The rotor winding or field coils ate provided on these poles and it is supported by 
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pole shoes. The dc voltage is fed to the field coils through two carbon brushes and 
two slip rings mounted on the shaft of the alternator. 

Features of salient pole rotor 

1. Salient pole rotors have large diameter and shorter axial length. 
2. They are generally used in low and medium speed alternators,say 100 RPM to 
1000 RPM. 
3. These are usually engine driven and rotate on Horizontal axis. 

4. These rotors cause excessive windage loss if driven at higher speeds and produce 
more noise. 
5. In this alternator, the airgap is not uniform. Hence Flux distribution is relatively 
poor than non-salient pole rotor, hence the generated EMF waveform is not as good 
as cylindrical rotor. 
6. Salient pole construction cannot be made strong enough to withstand the 
mechanical stresses due to higher speeds. 
7. Salient pole rotors generally need damper windings to prevent rotor oscillations 
during operation. 
8. As the rotor speed is lower, more number of poles are required to attain the 
required frequency. Typically number of salient poles is between 4 to 6. 
9. Salient pole synchronous generators are mostly used in hydro power plants. 

 
 
Smooth cylindrical type or non-Salient Pole Rotor 
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The alternator with this type of rotor is called non Salient Pole Alternator or Turbo 
Alternator since they are driven by turbines. This rotor consists of a smooth solid 
steel cylinder, having a number of slots running parallel to the shaft to accommodate 
the field coils. The unslotted portions of the cylinder itself act as the poles. There are 
two or four unslotted polar areas which are surrounded by the field coils. The poles 
are not projecting out and the surface of the rotor is smooth which maintains a 
uniform air gap between stator and rotor. 

Features of Non salient pole type or smooth cylindrical type rotor 

1. Non-salient pole rotors are cylindrical in shape having parallel slots on it to place 
rotor windings. It is made up of solid steel. Sometimes, they are also called as drum 
rotor. 
2. They are smaller in diameter but have longer axial length. This is to keep 
peripheral speed within limits. 
3. Cylindrical rotors are mechanically very strong and thus preferred for high- 
speed alternators ranging between 1500 to 3000 r.p.m. Hence Number of poles is 
usually 2 or 4. 
4. They Run on VERTICAL axis. 
5. Windage loss and hence the noise is less as compared to salient pole rotors. 
6. Air gap is uniform and flux distribution is sinusoidal and hence gives better EMF 
waveform. 
7. This type of construction gives better balance and hence Damper windings are not 
needed in non-salient pole rotors. 
8. Their construction is robust as compared to salient pole rotors. 
9. Non-salient pole rotors are used in nuclear, gas and thermal power plants. 
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2. Compare Salient pole and smooth cylindrical Rotors if Alternators. 

COMPARISON OF SALIENT POLE AND SMOOTH CYLINDRICAL ROTORS 
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3. Explain the working principle of the Alternator. 

Working principle of alternators and frequency of induced emf 

An alternator operates on the fundamental principle of electromagnetic 
induction i.e., when the flux linking a conductor changes, an emf is 
induced in the conductor. It has a field system which is rotating and an 
armature which is stationary. Rotor produces a rotating magnetic field 
and rotating magnetic flux associated with the rotor induces electricity 
in the armature coils. Rotor poles are excited from a separate DC source 
of 125V or 250 V supply. The excitation is provided from a small DC shunt 
or compound generator known as exciter which is mounted on the shaft 
of the alternator which supplies dc for the field windings. When the rotor 
rotates, the stator conductors are cut by the magnetic flux and the e.m.f. 
is induced in the stator 3 phase windings. Since the rotor magnetic poles 
are alternatively N and S, they induce alternating emf and its frequency 
depends on the number of poles and is given by, f = Ns P / 120.     

Frequency of Induced EMF 

Let P = Number of poles 
Ns = Synchronous speed of the rotor in r.p.m 
f = Frequency of induced emf in Hz. 
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Consider a single conductor in a slot of the stator as shown in fig. Let the 
rotor with N and S poles rotate with synchronous speed of Ns in the ACW 
direction. When the North pole sweeps across the conductor, +ve half 
cycle of emf is induced and when the South pole sweeps across the 
conductor, -ve half cycle of emf is induced in it. Thus one pair of poles 
induce one cycle of emf in one conductor. 

No. of cycles of emf induced in one revolution =   
P

2
 

No. of revolutions per second =       
Ns

60
     

Therefore,  
frequency of emf induced = No. of cycles of emf/sec 
= No.of cycles of emf induced in one revolution x No.of revolutions/sec 

                                        f =      
P
2
    x   

Ns

60
     

 

                                             f =    
𝐍𝐬𝐏

𝟏𝟐𝟎
         

 
4. Derive the emf equation of a Synchronous generator by considering 
the Pitch factor and the Distribution factor.            
 
EMF equation of an Alternator or Synchronous generator 
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Let 
Φ = Flux per pole, in Wb 
P = Number of poles 
f = Frequency of induced emf in Hz 
Z = Total number of stator conductors 
Zph = No. of conductors per phase connected in series =Z/3 = 2Tph 
Tph = No.of turns per phase  
Ns = Synchronous speed in r.p.m 

Ns = 
120f

P
            {Ns - 60 sec                               60x1 = Ns x dt , dt= 60/Ns 

                                                 1   -    dt=? } 

  
Consider a single conductor placed in a slot as shown in fig. 
According to Faradays laws of E.M.I., 
The average value of emf induced in a conductor =   dΦ/dt 
For one revolution of a conductor, 
Total flux cut in one revolution = Φ x P 
Time taken for one revolution = 60/Ns seconds. 
Average emf induced per conductor = Flux cut in one revolution 
               Time taken for one revolution 
                                                                 = Φ P 
                                                                    60/Ns 
                      Eav/ conductor                = Φ P Ns 
                                                                        60 
Average emf induced per phase = Average emf induced per conductor X 
                                                             No. of conductors per phase 
 

Average emf induced per phase = Φ P Ns  x Zph 
                                                                60 

                  But                            Ns = 
120f

P
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Therefore,             Eav/ phase =     Φ PZph x 120f 

                                                                     60          P 
                                                         = 2f Φ Zph   volts 
For a sinusoidal emf, Form factor =   E r.m.s.    = 1.11 
                                                                     Eav 

Therefore,          E r.m.s. /phase =   Eav x 1.11 

                                                             =   2f Φ Zph x 1.11 
 

                                                  E ph    =   2.22f Φ Zph   volts 

                                            E ph    =   4.44f Φ Tph   volts 
 
This equation is derived by assuming that the stator winding is full 
pitched and that all the conductors are concentrated in a single slot. But 
in practice, the coils are short pitched and the conductors are uniformly 
distributed throughout the periphery of the stator. Hence the pitch 
factor Kp and distribution factor Kd are to be considered and the emf 
induced gets reduced by a small quantity. 
 
Hence the emf equation is,     

                                                    Eph    =   2.22f Φ Zph Kp Kd   volts 
                 For Star connected stator winding,  

                            Line voltage is,   EL     = √ 3 Eph 

                                                          EL     = √ 3 (2.22f Φ Zph Kp Kd )  volts 
 
 
Where,    Kp  is the pitch factor or chording factor (Kc) 
                 Kp = cos (α/2)                   where α is short pitched angle 
And          Kd  is the distribution factor 
                 Kd =    Sin (m β /2)             
                             mSin (β /2) 
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where  
m = No.of slots/pole/phase = S/ 3P 
              
β = Slot angle =         180                        =       180 P   
                                     No.of slots/pole              S    
      
The winding factor  Kw = Kp Kd   
Kp =1      for full pitched winding,  then Kw =Kd 
Kd = 1    for Concentrated winding     
 
5. Explain the advantages of using stationary armature in Alternators.    
Advantages of stationary armature and rotating field system . 

The field winding of an alternator is placed on the rotor and is connected 
to d.c. supply through two slip rings. The 3-phase armature winding is 
placed on the stator. This arrangement has the following advantages: 

1. The generated voltage can be directly connected to load without using 
the brushes. 

2. It is easier to insulate stationary armature for high generated voltages 
of the order of 11kV to 33kV. 

It is because they are not subjected to centrifugal forces and also extra 
space is available due to the stationary arrangement of the armature. 

3. Only two slip rings are required for supplying d.c. to the field winding 
on the rotor.  Since the exciting current is small, the slip rings and brush 
gear required are of light construction and can be easily insulated for low 
voltages of the order of 110V to 220V. 

4. The Armature windings can be easily braced to prevent any 
deformation due to short circuit currents. 

5. Due to simple and robust construction of the rotor, higher speed of 
rotating d.c.  field is possible. This increases the output obtainable from a 
machine of given dimensions.                                                  
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Pitch factor (Kp) or Chording factor(Kc) or Coil span factor 

Coil Pitch or Coil Span 

The distance between the two sides of an individual coil of an AC 

armature winding is termed the coil pitch.  

Coil span is defined as the peripheral distance between two sides of a 
coil, measured in term of the number of armature slots between them. 
 That means, after placing one side of the coil in a particular slot, after 
how many conjugative slots, the other side of the same coil is placed on 
the armature. This number is known as coil span. 
Pole Pitch 

The pole pitch is defined as peripheral distance between center of two 
adjacent poles in machine. This distance is measured in term of armature 
slots or armature conductor come between two adjacent pole centers. 
 
Pole Pitch is equal to the total number of armature slots divided by the 
number of poles in the machine. If there are 96 slots on the armature 
periphery and 4 numbers of poles in the machine, the numbers of 
armature slots come between two adjacent poles centres would be 96/4 
= 24. Hence, the pole pitch of that machine would be 24. 
As we have seen that, pole pitch is equal to total numbers of armature 
slots divided by total numbers of poles, we alternatively refer it as 
armature slots per pole. 
 

If the coil span is equal to the pole pitch, then the armature winding is 
said to be full – pitched. In this situation, two opposite sides of the coil 
lie under two opposite poles. Hence emf induced in one side of the coil 
will be in 180o phase shift with emf induced in the other side of the coil. 
Thus, the total terminal voltage of the coil will be direct arithmetic sum 
of these two emfs.  
If the coil span is less than the pole pitch, then the winding is referred as 
short pitched or fractional pitched. In this coil, the phase difference 
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between induced emfs in two sides, less than 180o. Hence resultant 
terminal voltage of the coil is vector sum of these two emfs and it is less 
than that of full-pitched coil. 

 

 

   

 

    

As shown in Fig. above, if the coil sides are placed in slots 1 and 7, then 
it is full-pitched. If the coil sides are placed in slots 1 and 6, then it is 
short-pitched or fractional-pitched because coil span is equal to 5/6 of a 
pole-pitch. It falls short by 1/6 pole-pitch or by 180°/6 = 30°.  

https://www.electrical4u.com/voltage-or-electric-potential-difference/
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Hence, it must be the ratio of phasor sum of induced emfs per coil to the 
arithmetic sum of induced emfs per coil. Therefore, it must be less than 
unity. 
Short-pitched coils are deliberately used because of their advantages. 

Advantages of Short-pitched coils 

1. They save copper of end connections. 

2. The harmonics in the generated emf are reduced. Hence the generated 
e.m.f. is sinusoidal.sine wave more easily and the distorting harmonics 
can be reduced or totally eliminated. 

3. Due to elimination of high frequency harmonics, eddy current and 
hysteresis losses are reduced thereby increasing the efficiency. It also 
reduces the heating of the core. 

But the disadvantage of using short-pitched coils is that the total voltage 
around the coils is somewhat reduced. Because the voltages 

[Note: Harmonics are voltage components with frequencies other than 
the fundamental frequency.(i.e. frequency = 2f,3f,4f,5f,7f……)] 

Distribution factor or Breadth factor or Winding factor(Kd, Kb,Kw) 

In concentrated winding, the coil sides of a given phase are concentrated 
in a single slot under a given pole and the individual coil voltages induced 
are in phase with each other. These voltage may be added arithmetically. 
But in Alternators, in each phase coils are not concentrated in a single slot, 
but are distributed in a number of slots over the entire periphery of the 
armature to form a polar group under each pole. The voltage induced in 
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coil sides constituting a polar group are not in phase but differ by an angle 
equal to the angular displacement β of the slots. Hence the total voltage 
induce in any phase will be the phasor sum of the individual coil voltage. 
 
As per definition, distribution factor is a measure of resultant emf of a 
distributed winding in compared to a concentrated winding. The factor by 
which there is a reduction in the e.mf. due to the distribution of coils is 
called distribution factor denoted as Kd. 
 

 

 
 
Kd = Resultant emf when coils are distributed 
         Resultant emf when coils are concentrated 
Kd = Phasor sum of coil voltages /phase               
         Arithmetic sum of coil voltages /phase 
 
Kd =    Sin (m β /2)             
            mSin (β /2) 
where  m = No.of slots/pole/phase 
 

https://1.bp.blogspot.com/-VUGGrBZzrxQ/WE6kr_9_VdI/AAAAAAAAKGE/DnEc_-ZBmXMlhI9QsAuzokD-95H7c-mzwCEw/s1600/emf-equation-of--ac-or-synchronous-generator-alternator-4.jpg
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      =   S/ 3P 
              
β = Slot angle =         180                        =       180 P 
                                     No.of slots/pole              S    
 

pitch factor, distribution factor are also always less than unity. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://2.bp.blogspot.com/-FYOgr6xXNng/WQHM9Ox6YXI/AAAAAAAAAeI/WKHnIaxho9YoVsAz-k75EtH2H15KsO6igCLcB/s1600/factor.png


Alternators – Pitch factor & Distribution factor 

6 
 

DC Generator construction for comparison with alternator 
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Alternator construction showing slip rings 

 

 

 

    

 



3 PHASE INDUCTION MOTORS 

3 PHASE INDUCTION MOTORS ARE the most widely used ac motors. They work on the principle of 

Induction. The rotor windings are not connected to any AC supply. When the supply is connected to stator 

winding, the voltage and currents are induced in the rotor conductors due to mutual induction from the 

stator winding. When a 3 phase supply is given to the stator  3 phase winding, a rotating magnetic field of 

constant magnitude and rotating at synchronous speed Ns is produced in the airgap. This induces currents 

in the rotor windings and produce a torque on the rotor due to which starts rotating. 

Advantages of 3 PHASE INDUCTION MOTORS 

1. It has very simple , robust and unbreakable construction. 

2. Its cost is low and highly reliable 

3. It has high efficiency. 

4. It works with reasonably good p.f. at rated load. 

5. Its maintenance is easier. 

6. IMs are self-starting. Only Large motors need some starting arrangements. 

Disadvantages 

It is a constant speed motor and the speed can’t be changed easily. 

Its starting torque is less compared to DC motor. 

Construction 

Three phase Induction motors has mainly two parts- 

Stator – Stationary part 

Rotor – Rotating part 

In between the stator and rotor, there is air gap of length 0.4mm to 4mm. 

Stator 

 



 

 

Stator 

Frame - The stator has a cast steel frame which is a cylindrical drum and protects the motor from moisture 

and other impurities. It is the outer part of the three       phase induction motor. Its main function is to 

support the stator core and the stator winding. Stator core-is in cylindrical in structure & is made up of 

silicon steel laminations to reduce eddy current loss and hysteresis loss. The thickness of these laminations 

varies from 0.35mm to 0.65mm. The stampings (laminations) are insulated from each other by a coating 

of varnish and are held together by bolts. A large number of uniform slots are cut on the inner periphery  

of the core.  

Stator winding - These slots in the core carry stator conductors which are insulated from each other and 

also from the slots. These conductors are connected as a balanced, double layer three phase windings in 

star or delta and is fed from three phase supply. Stator windings are wound for definite number of poles 

based on the requirement of speed. When stator windings are supplied by three phase supply, a rotating 

magnetic field is produced below the stator in the air gap and this rotating field induces emf in the rotor 

conductors by mutual induction. The synchronous speed with which the stator magnetic field rotates is 

given by, Ns = 120 f/P. 

Rotor-  

Rotor of three phase induction motor are classified as 

 (i)Squirrel cage rotor   

 (ii) Slip ring or Phase wound or Wound rotor 

 Squirrel cage rotor 



 Squirrel cage rotors are widely (nearly 90%) used because of their simple and rugged 

construction.  

 The rotor consists of hollow laminated core with parallel slots provided on the outer periphery 

or the surface. The rotor conductors are solid bars of copper, aluminum or their alloys.  

 The bars are inserted from the ends into the semi-enclosed slots and are brazed to the thick 

short circuited. 

  Each slot has one bar conductor and all the bars are welded at both ends to copper rings called 

end rings. 

  Hence the copper bars are short circuited at both the ends and it is not possible to add any 

external resistance in series with the rotor winding. 

 The rotor slots are skewed to avoid humming and locking tendency of the rotor with stator. 

The rotor conductors and their end rings form a completely closed circuit resembling the cage 

of squirrel and hence the name. 

 

 

 

Principle of working 

 



 
When the stator of 3 phase induction motor is connected to 3 phase AC supply a magnetic field of 
constant magnitude rotating at synchronous speed is produced in the air gap and cuts the rotor 
conductors which are stationary. Ns = 120f/P is the synchronous speed. 

According to Faraday's laws of electromagnetic induction an EMF is induced in the stationary 
rotor conductors due to the relative speed between the stator field and the rotor. The frequency of 
this induced EMF is the same as that of supply frequency and the direction of EMF is obtained by 
Fleming,s right hand rule . 

Since the rotor conductors form a closed circuit, current flows  through them whose direction is 
such as to oppose the very cause producing it according to lenze,s law. The cause producing the 
rotor current is the relative velocity and the rotor tries to reduce the relative velocity.  

Hence the rotor stars running in the same direction as that of stator field to catch up with it but it 
fails to reach the speed of stator field i.e. synchronous speed Ns. So the rotor always runs with 
speed less than the synchronous speed Ns.  i.e. N < Ns. 

If the Rotor becomes successful in reaching the synchronous speed then the relative speed becomes 
zero. i.e. Ns-N = 0 

Then the EMF induced in the rotor conductors becomes zero and current through them also 
becomes zero. Then the torque on the rotor becomes zero and the rotor tends to stop. 
Therefore the rotor can never reach the speed of the stator field. And the relative speed can never 
be zero. 

Slip  
The rotor of the induction motor can never reach the speed of stator field that is synchronous speed.  
The rotor speed N < Synchronous speed Ns 
The difference between the synchronous speed of the stator magnetic field Ns and actual speed of 
the motor N is called the slip speed.  
 i.e. slip speed = Ns –N 
 
The slip of the induction motor is defined as the ratio of the slip speed and the synchronous speed 

s = Ns – N 
     Ns 

 
And %s = (Ns-N)   x  100 

                 Ns 
 
 
 

Frequency of rotor current 
 
When the rotor is stationary, 



 the frequency of rotor current = supply frequency f. 
When the rotor is rotating, 
the frequency of rotor current  α  relative speed or  slip speed 
i.e.                      f’ α Ns - N 
If f’ is  the frequency of the rotor current 
 Ns – N α    120 f’    --------(1) 
                         P 
Ns = 120f                ---------(2) 
              P 
1 / 2 gives, 
    Ns – N      =  f’  =  s 
        Ns             f 
 
  f’ = s f 
Rotor current frequency = slip x supply frequency 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

https://www.youtube.com/watch?v=Mle-ZvYi8HA 
https://www.youtube.com/watch?v=Mle-ZvYi8HA                              -cONSTRUCTION 
https://www.youtube.com/watch?v=AQqyGNOP_3o                          -  WORKING 
https://www.youtube.com/watch?v=QLvWGFD4Qyo&t=8s 
https://www.youtube.com/watch?v=QLvWGFD4Qyo&t=8s 
https://www.youtube.com/watch?v=Mle-ZvYi8HA 
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