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AIM 

            To expose the students to the concepts of synchronous and asynchronous machines and analyze their performance.

OBJECTIVES

      To impart knowledge on

1. Construction and performance of salient and non – salient type synchronous generators.

2. Principle of operation and performance of synchronous motor.

3. Construction, principle of operation and performance of induction machines.

4. Starting and speed control of three-phase induction motors.

5. Construction, principle of operation and performance of single phase induction motors and special machines.

      1.   SYNCHRONOUS GENERATOR
                      



                     9

Constructional details – Types of rotors – emf equation – Synchronous reactance – Armature reaction – Voltage regulation – EMF, MMF, ZPF and A.S.A methods – Synchronizing and parallel operation – Synchronizing torque - Change of excitation and mechanical input – Two reaction theory – Determination of direct and quadrature axis synchronous reactance using slip test – Operating characteristics - Capability curves. 
2. SYNCHRONOUS MOTOR            





                     8

Principle of operation – Torque equation – Operation on infinite bus bars - V-curves – Power input and power developed equations – Starting methods – Current loci for constant power input, constant excitation and constant power developed.
3. THREE PHASE INDUCTION MOTOR

              
                               12

Constructional details – Types of rotors – Principle of operation – Slip – Equivalent circuit – Slip-torque characteristics - Condition for maximum torque – Losses and efficiency – Load test - No load and blocked rotor tests - Circle diagram – Separation of no load losses – Double cage rotors – Induction generator – Synchronous induction motor.
4. STARTING AND SPEED CONTROL OF THREE PHASE INDUCTION MOTOR           7

Need for starting – Types of starters – Rotor resistance, Autotransformer and Star-delta starters – Speed control – Change of voltage, torque, number of poles and slip – Cascaded connection – Slip power recovery scheme.
5. SINGLE PHASE INDUCTION MOTORS AND SPECIAL MACHINES                           9

Constructional details of single phase induction motor – Double revolving field theory and operation – Equivalent circuit – No load and blocked rotor test – Performance analysis – Starting methods of single-phase induction motors - Shaded pole induction motor - Linear reluctance motor - Repulsion motor - Hysteresis motor - AC series motor.
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	No. of Hours
	LECTUR TOPICS
	EXERCISE
	Reference / Text book & page no

	1.   SYNCHRONOUS GENERATOR



	1
	Constructional details – Types of rotors – EMF Equation – (AV CLASS)
	
	R1 - 248

	2
	Armature reaction-Synchronous reactance
	
	T2 - 543

	3
	Synchronizing torque - Change of excitation and mechanical input
	
	T2-556

	4
	Two reaction theory
	Assignment 1
	T2-545

	5
	Determination of direct and quadrature axis synchronous reactance using slip test – Operating characteristics - Capability curves
	
	T1-468

	6-8
	Voltage regulation – EMF, MMF ,ZPF and A.S.A methods
	
	T 2

557 to 571

	9
	Synchronizing and parallel operation
	
	T1-484

	10-15
	PROBLEM ( EMF,MMF,ZPF methods)
	
	T1, R4,

	2. SYNCHRONOUS MOTOR



	1
	Principle of operation - Operation on infinite bus bars (AV CLASS)
	
	T2-705

	2
	 V-curves
	
	T1-709

	3
	Power input and power developed equations
	
	T1-711

	4-5
	Starting methods
	Assignment 2
	T1-676

	6-7
	Current loci for constant power input, constant excitation and constant power developed.
	
	T1-714

	8
	Torque equation
	
	T1-706

	9- 10
	PROBLEM
	
	

	3. THREE PHASE INDUCTION MOTOR


	1
	Constructional details – Types of rotors – Principle of operation (AV CLASS)
	
	T1-523

	2
	 Slip & Slip-torque characteristics
	
	T1-539

	3-4
	Equivalent circuit 
	Assignment 3
	T1-531

	5
	Condition for maximum torque – Losses and efficiency
	
	T1-575

	6
	Load test - No load and blocked rotor tests & Separation of no load losses
	
	T1-547

	7-10
	Circle diagram & Problems
	
	T1-564

	11-12
	Double cage rotors – Induction generator – Synchronous induction motor.
	
	T1-597 to 605

	13-15
	PROBLEM
	
	

	4. STARTING AND SPEED CONTROL OF THREE PHASE INDUCTION MOTOR


	1
	Need for starting – Types of starters
	
	T2-791

	2
	Rotor resistance, Autotransformer and Star-delta starters
	Assignment 4
	T2-793

	3
	Speed control
	
	T1- 582

	4
	Change of voltage, torque, number of poles and slip
	
	T1-583

	5
	Cascaded connection
	
	T1-596

	6-7
	Slip power recovery scheme. (AV CLASS)
	
	T1-733

	8-10
	PROBLEM
	
	

	5. SINGLE PHASE INDUCTION MOTORS AND SPECIAL MACHINES


	1
	Constructional details of single phase induction motor – Double revolving field theory and operation
	
	T1-627

	2-3
	Equivalent circuit – No load and blocked rotor test
	
	T1-656

	4
	Starting methods of single-phase induction motors
	Assignment 5
	T1-640

	5-6
	- Shaded pole induction motor - Linear reluctance motor
	
	T1-649

	7-8
	Repulsion motor - Hysteresis motor - AC series motor. (AV CLASS)
	
	T1-654

	9
	Double revolving field theory and operation – Performance analysis
	
	T1-630

	10
	PROBLEM
	
	


SOME OTHER SYLLABUS COVERAGE BOOKS:
1. ELECTRICAL TECHNOLOGY (VOLUME II) –B.L.THERAJA, A.K. THERAJA- S.CHAND PUBLICATION

2. ELECTRICAL MACHINES II – U.A.BAKSHI, M.V.BAKSHI – TECHNICAL PUBLICATION

3. ELECTRICAL MACHINES II  - GNANVADIVAL – ANURADHA PUBLICATION
Question bank

UNIT- I (SYNCHRONOUS GENERATOR)
PART A

1. Define voltage regulation of Alternator.
2. Why do cylindrical rotor alternators operate with steam turbines?
3. Why almost all large size synchronous machines are constructed with rotating field system type?
4. Which type of synchrouns generators are used in Hydro electric plants and why?
5. Why are alternators rated in KVA and not in KW?
6. What is the purpose of conducting slip test?
7. What is the necessity & condition of parallel operation of alternators?
8. What are the causes of changes in voltage in Alternators when loaded?
9. What do you meant by synchronous reactance?
10. Compare the salient and non salient type of rotor construction?
11. What are the effects of armature reaction?
12. What is synchronizing torque? 
PART B (1-: 16 mark)
1. A 3300V, 3phase star connected alternator has a full load current of 100A. On short circuit a field current of 5A was necessary to produce full load current. The emf on open circuit for the same excitation was 900V. The armature resistance was 0.8 Ω / phase. Determine the full load voltage regulation for (1)0.8pf lagging (2)0.8pf leading. 

2. For a salient pole synchronous machine, prove the d-axis synchronous reactance   Xd, can be obtained from its OCC and SCC. Neglect armature resistance.

3. Explain briefly the condition for parallel operation of 3 phase alternator with neat  diagram
4. The open circuit and short circuit test results for 3 phase star connected 1000KVA, 1905 V.50Hz alternator are

	open circuit terminal voltage (Voc )line 
	760
	1500
	1700
	1905
	2300
	2600

	short circuit current Isc Amp
	-
	220
	-
	335
	-
	-

	Field Current If in Amp
	10
	20
	25
	30
	40
	50


The armature reactance per phase is 0.2 ohm, Draw the open circuit and short circuit characteristics and find the regulation on full load 0.8 lagging P.F. by (i) Ampere turn method (ii) synchronous impedance method.
5. The following table gives the open circuit and full load zero P.F. saturation characteristics data for 40 KVA, 400 volt,3 phase, 50 Hz star connected alternator

	open circuit terminal voltage (Voc )line 
	282
	-
	400
	435
	459
	474

	Exciting current in Amps
	6
	8
	12
	18
	24
	28

	Zero P.F. Line volts
	-
	0
	-
	-
	-
	400


Find the values of armature reaction and armature leakage reactance. Also determine the voltage regulation at 0.8 PF lagging, Neglect armature resistance

6. A 11 KV, 1000KVA , 3 Phase star connected alternator has a resistance of  2 Ω / 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 using Potier method. 

	open circuit terminal voltage (Voc )line 
	5800
	7500
	12500
	13750
	15000

	Exciting current in Amps
	40
	50
	110
	140
	180

	Zero P.F. Line volts
	0
	1500
	8500
	10500
	12500


7. Explain the effects of armature reaction for different power factor loads? 

(8)
8. Derive the EMF equation of Alternator?






(8)

UNIT- II ( SYNCHRONOUS MOTOR)

PART –A

1. Explain why synchronous motor has no starting torque.

2. What is synchronous capacitor or condenser?
3. List any two characteristic features of synchronous motor?

4. Draw the power angle curve of synchronous motor?
5. Synchronous motor always runs at synchronous speed why?

6. What are the uses of damper windings in a synchronous motor?

7. How do you operate the synchronous motor at any desired power factor?

8. What are the different methods of starting synchronous motor?

9. Why a synchronous motor is a constant speed motor?

10. How the synchronous motor can be used as a synchronous condenser?

11. What is the factor which causes hunting in synchrouns motor?

12. Why synchronous motor is not self starting? Explain

PART-B

1. A) Explain the methods of starting synchronous motor against high-torque loads.
      (8)
 

    B) Explain various torques associated with synchronous motor.


       (8)
2.  Explain the significance of V and inverted V curves. 


                 (16)
3. With neat diagram explain the characteristics of synchronous motor under constant load and varying excitations condition

             




       (8)
4. Derive an expression for the maximum torque developed by the synchronous motor    (8) 
5. Explain the construction and principle of working synchronous motor? 

       (8)

6. A 3 phase 6600 volt, 50 Hz, star connected synchronous motor takes 50 A current The resistance and synchronous reactance per phase are 1 ohm and 10 ohm respectively. Find the powerr supplied to the motor and induced EMF for a power factor of (i) 0,8 lag and (ii) 0.8 lead
  








               


UNIT – III ( THREE PHASE INDUCTION MOTOR)

PART- A

1. Why an induction motor is called asynchronous motor?
2. State the effect of rotor resistance on starting torque?
3. What is the crawling & cogging of an induction motor?
4. Why are the slots on the rotor of induction motors slightly skewed?

5. Why the air gap between stator and rotor in 3 phase Induction motor is made as small as    

    possible?
6. Write a note on synchrouns Induction motor?

7. Write the condition for maximum torque an induction motor?

8. Mention the advantages of double gauge induction motor?

9. What are the losses produced in induction motor?

10. Write down the equation for running torque of an induction motor?

11. Why is the Induction motor always runs with the speed less than the synchronous speed? 

PART B (1-6: 16 MARK)
1. Explain the construction and working of three phase induction motor. 

2. Explain the power flow diagram and torque slip characteristics of induction motor.

3. Develop an equivalent circuit for three phase induction motor. State the difference between exact and approximate equivalent circuit. 

4. Write short notes on (1) Double cage rotor (2) Induction generator

5. Draw the circle diagram for a 5.6 KW, 400 V, 3 phase, 4 pole, 50 Hz slip ring induction   

    motor from the following data

 
      No load readings: 400 V, 6 A, power factor =.087

Short Circuit test: 100 V, 12 A, 720 W.

    The ratio of primary to secondary turns=2.62 stator resistances per phase is 0.67 ohm and  

    of  the rotor is 0.185 ohm Calculate: Full load current (b) Full load Slip (c) Full load power   

    factor (d) Maximum power (e)  Max torque / Full load torque
6. Draw the circle diagram from no load and short circuit test of a 3 phase, 14.92 KW, 400 V,    

     6 pole, 50 Hz  induction motor from the following test results (line values)

    
     No load readings: 400 V, 11 A, power factor = 0.2

     
    Short Circuit test: 100 V, 25A, power factor = 0.4

     Rotor cupper loss at standstill is half the total Cupper loss. From the diagram. Find line    

     current, slip, efficiency and power factor at full load 

7. Derive the condition for obtaining maximum torque under running condition in the 3 phase  

     induction motor? (8)

UNIT- IV ( STARTING AND SPEED CONTROL OF THREE PHASE INDUCTION

MOTOR )

PART-A

1.     Why starter is necessary for the induction motor?
2.    Define slip?

3.  What is the effect of increase in rotor resistance on starting torque of slip ring induction motor? 
4. List the various factors governing the starting torque of an induction motor?
5. Define V/F control method?

6. What are the disadvantages of adding external resistance in rotor circuit?  
7. Define slip power recovery scheme?

8. List the disadvantages of autotransformer starter.
9. Is it possible to start 3 phase slip ring induction motor on load?
10. How many speeds you can obtain by cascaded connection of induction motor?

11. Why induction motor draws large current from the supply during starting? 
PART B
1. Explain the different speed control methods of phase wound induction motor 

     (16)
2. Explain the speed control of 3 phase squirrel cage induction motor by pole changing , V/F      method and varying the supply frequency and state the disadvantages of this methods
     (16)
3. Explain with relevant diagrams, the working of star – delta starter and Auto transformer Starter?(16)
4. Explain the various tech. of sped control of induction motor from rotor side control.       (16)
5. Explain briefly the static and conventional Scherbius System? 



       (8)
6. Explain briefly the static and conventional Kramer System? 



       (8)
7. Explain the speed control of 3 phase induction motr by cascaded connection

     (16)

UNIT – V ( SINGLE PHASE INDUCTION MOTORS AND SPECIAL MACHINES)

PART- A
1. Why singe phase induction motors are not self starting? 

2. What kind of motor is used in a mixie, ceiling fan and wet grinder?

3. In which direction does a shaded pole induction motor run?

4. Why singe phase induction motor has low power factor?

5. State the applications of induction generator?
6. Mention the working principle of hysteresis motor?
7. State double revolving field theory?

8. Why are centrifugal switches provided on many single phase inductions motor?

9. How is the direction of rotation of a repulsion start induction run motor by reversed?

10. State the various types of single phase induction motors? 
11. State any two applications capacitor start run induction motor?

12. Why is the single phase induction motor having two windings in its stator?
PART – B
1. Give the classification of single phase motors .Explain any three types of single Phase induction motors. 








(16)
2. Explain the double field revolving theory for operation of single phase induction Motor. (16)
3. What is the principle and working of hysteresis motor? Explain briefly. (8)
4. Explain the principle of operation and applications of repulsion motor (8)
5. What is the principle and working of AC series motor & Reluctance motor? Explain briefly. (16)
6. What is the principle and working of Shaded pole induction motor? Explain briefly. (8)
7. Explain the equivalent circuit of single phase induction motor with and without core loss? (16)  

