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PART – A

1. What is the objective of power system control?

2. Define load.

3. What is meant by Load frequency control? (A.U. NOV/DEC 2007)
4. What are the advantages of pool operation with respect to LFC? (A.U.

APR/MAY 2008)
5. What is base load? (A.U. APR/MAY 2008)
6. What is the need for load forecasting? (A.U. NOV/DEC 2007) (A.U.

APR/MAY 2015)
7. What is load curve & load duration curve? (A.U. NOV/DEC 2009) (A.U.

NOV/DEC 2014) (A.U. NOV/DEC 2009), (A.U. NOV/DEC 2011), (A.U.
NOV/DEC 2012)

8. List out the types of loads.

9. What is Load factor or demand factor? (A.U. NOV/DEC 2007),(A.U.
APR/MAY 2011) ) (A.U. APR/MAY 2015)

10. What are the advantages of computer control in power system? What are

the types of computer control? (A.U. APR/MAY 2015)

11. List out the rules characterizing typical system loads.

12. What is plant use factor? A.U. APR/MAY 2014
13. Define capacity factor. (A.U. NOV/DEC 2013)
14. What is connected load? (A.U. NOV/DEC 2011)
15. What is spinning reserve? (A.U. NOV/DEC 2007)

16. What is the duty of power system operator?

17. Why that optimal power flow is combines economic dispatch with power

flow?

18. Why the real power is is generated equal to the power transferred to the

infinite bus?

19. What decides the loading of generating stations?

20. What is the need for voltage regulation in power system? (A.U. MAY/JUNE
2009)

21. List out the various needs for frequency regulation in power system. (A.U.
NOV/DEC 2013)

22. What is the purpose of primary ALFC?

23. State the difference between P-f and Q-V controls.

24. What is pool level?

25. What are plant level controls?

26. What is system level control?

27. Give reasons why the system frequency must not be allowed to deviate

from a chosen constant value?

28. What happens to frequency if the load on the generator increases?

29. Define load curve. What is monthly load curve?

30. What is annual load curve?

31. What is diversity factor? (A.U. NOV/DEC 2013) , (A.U. APR/MAY 2011)
(A.U. NOV/DEC 2014)

32. What is maximum demand? (A.U. NOV/DEC 2012) A.U. APR/MAY 2014
33. Define utilization factor. (A.U. NOV/DEC 2013)
34. List the advantages of multi area operation? (A.U. MAY/JUNE 2009)
35. What is system voltage control? (A.U. NOV/DEC 2009)
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PART- B

1. Draw the load curve and load duration curve. Explain the importance of

these curves in connection with economic operation of power system.

A.U. APR/MAY 2014

2. Define load. Name various categories of load devices. Write the rules

characterizing typical system loads. What are the effects of variable load

on the operation of the power station?

3. Explain system load variation & its characteristics.

4. (a) Classify and explain cost involved in power system.

(b) Explain the different types of load.

5. Explain: (A.U. NOV/DEC 2007)(A.U. MAY/JUNE 2009) A.U. APR/MAY 14

(a) Connected load.                            (b) Maximum and average demand.

(c) Load factor.                                   (d) Diversity factor.

(e) Coincidence factor.                       (f) Plant use factor.

6. Explain the terms: Installed reserve, spinning reserve, hot reserve, and

Cold reserve. (A.U. NOV/DEC 2013), (A.U. NOV/DEC 2007) (A.U.
MAY/JUNE 2009) , (A.U. NOV/DEC 2009),

7. What is load forecasting? Explain its classification and importance.

(A.U. APR/MAY 2011), (A.U. NOV/DEC 2007) , (A.U. NOV/DEC 2012)
(A.U. APR/MAY 2015)

8. Explain the need for voltage and frequency regulation in power system.

(A.U. APR/MAY 2011)

9. Draw and explain the basic P-f (or) Automatic load frequency and

Q-v control loops (or) Voltage regulator control.

(A.U. APR/MAY 2011)

10. Briefly explain plant level and system level controls. (A.U. NOV/DEC 2007)
(A.U. NOV/DEC 2014)

11. Write short notes on LFC & Economic dispatch control.

(A.U. NOV/DEC 2007)

12. Explain recent trends or role of computers in power system.

(A.U. APR/MAY 2008) (A.U. NOV/DEC 2014) (A.U. APR/MAY 2015)

13. Explain the important objectives of power system and various control

strategies during its operation. (A.U. NOV/DEC 2012)

14. A generating station has the following daily load cycle:

(A.U. NOV/DEC 2013) (A.U. NOV/DEC 2007) ,
(A.U. NOV/DEC 2012)

Time
(hours)

0-6
Hrs

6-8
Hrs

8 -12
Hrs

12-14
Hrs

14-18
Hrs

18-20
Hrs

20-24
Hrs

Load(KW) 4500 3500 7500 2000 8000 2500 5000

Sketch the load duration curve and determine the load factor and plant

capacity factor, if the capacity of the plant is 12 MW.

15. A power supply is having the following loads: A.U. APR/MAY 2014

TYPE OF LOAD MAXIMUM
DEMAND (KW)

DIVERSITY
FACTOR

DEMAND
FACTOR

DOMESTIC 10000 1.2 0.8
COMMERICAL 30000 1.3 0.9
INDUSTRIAL 50000 1.35 0.95

If the overall system diversity factor is 1.5. Determine (a) Maximum

demand (b) Connected load of each type.
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16. A Power station has to meet the following demand. (A.U. APR/MAY 2008)

Group A: 200kW between 8 A.M and 6 P.M (A.U. NOV/DEC 2014)

Group B: 100kW between 6 A.M and 10 A.M

Group C: 50kW between 6 A.M and 10 A.M

Group D: 100kW between 10 A.M and 6 P.M and 6 P.M and 6 A.M

Plot the daily load cure and load duration curve and determine

(i)   Diversity factor

(ii)  Units generated per day

(iii) Load factor

17. A generating station has a maximum demand of 20MW, a load factor of

60%, of a plant capacity of 48% and a plant use factor of 80%. Find the

(i) Daily energy produced

(ii) Reserve capacity of the plant

(iii) Maximum energy that could be produced daily. If the plant

were running all the time.

(iv) Maximum energy that could be produced, if the plant when

running were fully loaded. (A.U. NOV/DEC 2011)

18. A generating station has a maximum demand of 50,000 kW. Calculate the

cost per unit generated from the following data. (A.U. NOV/DEC 2013)

Capital cost = Rs. 95 x 106

Annual load factor = 40%

Annual cost of fuel and oil = Rs. 9 x 106

Taxes, wages and salaries = Rs. 7.5 x 106

Interest and depreciation rate = 12% (A.U. NOV/DEC 2011)

19. Why is the load on power station variable? What are the effects of variable

load on operation of the power station? (A.U. NOV/DEC 2007)

20. A generating station supplies the following loads: (A.U. NOV/DEC 2009)

15000Kw, 12000Kw, 6000kW and 450Kw.

The station has a maximum demand of 22000kW. The annual load factor

of the station is 48%. Calculate

(i) The number of units supplied

(ii) The demand factor

(iii) The diversity factor\

21. Consider an inductive Load of type Z=R+JX.

i. By how many percent will the real load drop if the voltage is

reduced by 5 percent?

ii. How would a 2 percent drop in frequency affects the real load, if

the load is assumed to have a power factor of 0.8?
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PART-A

1. What is the function of load frequency control?

2. How is the real power in a power system controlled? (A.U. APR/ MAY
2011)

3. State any two necessities to put alternators in parallel (A.U. APR/MAY
2014)

4. State the advantages of state variable model. (A.U. NOV/DEC 2007)
5. State the control objective of two area load frequency control. (A.U.

NOV/DEC 2014)
6. What is speed governor?

7. What is speed changer?

8. What is meant by free governor operation? (A.U. APR/ MAY 2011)
9. What is AGC? (A.U. NOV/ DEC 2011)

10. What are the types of automatic load frequency control for interconnected

power system? (A.U. NOV/ DEC 2012)
11. What is automatic load dispatching? (A.U. NOV/ DEC 2012)
12. Find the open loop gain of a automatic voltage regulator loop if the static

error does not exceed 2%.(A.U. APR/MAY 2015)

13. Brief the application of secondary ALFC loop in power system networks.

(A.U. APR/MAY 2015)
14. How can the flow of high pressure steam controlled?

15. What is meant by fly ball speed governor?

16. What is the purpose of a speed changer?

17. What are the equations governing the movement of point C in “speed

governor mechanism”?

18. What are the equations governing the movement of point D (i.e,, hydraulic

amplifier)?

19. Briefly explain the movement of point E (i.e., open or close the valve).20. Define inertia constant.

21. Define regulation.

22. State any two necessities to put alternators in parallel.

23. Give two conditions for proper synchronizing of alternators. (A.U. NOV/DEC
2013), (A.U. NOV/ DEC 2011)

24. Define per unit drop.

25. Why the frequency and voltage to be regulated in a power system?

(A.U. APR/MAY 2008)

26. What do you understand by coherent group of generators? (A.U. NOV/DEC
2008), (A.U. MAY/JUNE 2009)

27. List the advantages of multi-area operation.

28. Write the tie-line power deviation equation in terms of frequency.

29. What is meant by control area? (A.U. NOV/DEC 2014)ec
30. State the basic role of ALFC. (A.U. NOV/DEC 2013)

31. Differentiate static and dynamic response of an ALFC loop.

32. What is meant by AFRC?

33. State whether changes in AVR loop will be reflected in ALFC loop.

34. What are the assumptions made in dynamic response of uncontrolled

case? (A.U. APR/MAY 2014)

35. Explain the principle of tie-line bias control.

36. What is Area control error? (A.U. NOV/DEC 2007)
37. Compare speed Governor and speed changer. (A.U. APR/MAY 2008),

(A.U. NOV/DEC 2012)
38. Define stiffness of the interconnected system. (A.U. NOV/DEC 2009)
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PART-B

1. What are the components of speed governor system of an alternator?

Derive its transfer function .(A.U. NOV/DEC 2013), (A.U. NOV/DEC 2012),
(A.U. NOV/ DEC 2011) (A.U. APR/MAY 2014) (A.U. APR/MAY 2015)

2. Define control area. Derive the transfer function of an uncontrolled &

controlled load frequency control of a single area system and derive the

expression for static error following a step load change.

3. Draw the transfer function block diagram of a LFC for single area power

system. Provided with integral controller and explain the dynamic response

of controlled & uncontrolled case for various values of gain of the integral

controller. (A.U. APR/MAY 2008)
4. Explain the LFC control of single area system. (or)

Derive the transfer function model of a Single area system LFC and draw its

block diagram. (A.U. APR/ MAY 2011), (A.U. NOV/ DEC 2012)

5. Derive the transfer function of a single area system of static analysis with

uncontrolled case. (A.U. NOV/ DEC 2011)

6. Obtain a block diagram for the representation of single control area without

integral control. (A.U. MAY/JUNE 2009)
7. Discuss in detail the dynamic response of a single area system, without

integral control following a step load disturbance. (A.U. MAY/JUNE 2009)

8. Draw the transfer function block diagram for a two area system provided

with governor control and obtain the steady state frequency error following a

step load change in both the areas. (A.U. NOV/DEC 2007), (A.U. NOV/DEC
2009), (A.U. APR/ MAY 2011)

9. Explain the speed load characteristics of two synchronous machines

connected in parallel and also mention its conditions. (A.U. NOV/DEC
2014)

10. Consider the power-frequency control of a single system, assume that

= = 0.compute the time error caused by a step disturbance of

magnitude∆ , prove that the error is reduced by increasing gain .

Express the error in seconds and cycles (of 50 HZ).

11. Draw the block diagram for a two area system provided with governors.

(i) For a step load change of ∆ in one area, derive the

expression for frequency and tie-line error.

(ii) Discuss the secondary controller requirements to correct the

errors and the selection of bias parameters.

12. Explain in detail about state variable model. (A.U. APR/MAY 2014)

13. Derive the transfer function model of a integration of economic dispatch

control with LFC. (A.U. NOV/ DEC 2012)

14. Two synchronous generators operating in parallel. Their capacities are 300

MW and 400 MW. The droop characteristics of their governor are 4% and

5% from no load to full load. Assuming that the generators are operating at

50Hz at no load, how would be al load of 600 MW shared between them.

What will be the system frequency at this load? Assume free governor

action. (A.U. NOV/DEC 2013), (A.U. NOV/DEC 2007) (A.U. NOV/DEC
2014)
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15. Two synchronous machines with the following data are operating in parallel

to feed a common load of 300MW. (A.U. APR/MAY 2008)

MACHINES 1: Governor Speed drop: 4%

Speed changer set to give 75% rated load at rated speed.

MACHINES 2: Governor Speed drop: 3%

Speed changer set to give 50% rated load at rated speed.

The nominal frequency of operation of the set is 50 Hz.

(i) Determine the load taken by each machine and the frequency of

operation.

(ii) What adjustment should be made for the machines to share the

loads as in (i) but with a frequency of 50 Hz?

16. A single area consists of two generating units, rated at 400MW and

800MW, with speed regulation of 4% and 5% on their ratings. The units are

operating in parallel, sharing 700 MW. Unit 1 supplied 200MW and unit 2

supplies 500MW at 1 p.u (50Hz) frequency. The load is increased by 130

MW.

(i) Assume there is no frequency – dependent load. Find the steady

state frequency deviation and the new generation on each unit.

(ii) The load varies 0.84% for every 1% change in frequency. Find the

steady state frequency deviation and the new generation on each

unit. (A.U. MAY/JUNE 2009)
17. Explain the importance of flat tie-line and flat frequency control.

18. Explain the tie-line bias control of two area system.

19. Two 50 Hz power stations are connected by means of an interconnected
cable of negligible impedance, so that the stations work in parallel. Station A
has a full load capacity of 15 MW and uniform speed regulation of 3%.
Station B has a capacity of 4 MW and uniform speed regulation of 4%. The
load on the bus bars of station of station B is 4 MW and of station A is 10
MW. Calculate the generated output of each station ,power transmitted by
interconnected cable and operating frequency assuming free governor
action and that the speed changer of generators were set to have a 50 Hz
at no-load. (A.U. NOV/DEC 2012)

20. Two 100 KW alternators operate in parallel. The speed regulation of fist
alternator is 100% to 103% from full load to no load and that of other 100%
to 105%. How will the tow alternators share a load of 1200kw and at what
load will one machine cease to supply any portion of the load?
(A.U. NOV/DEC 2009)

21. A sub grid has total rated capacity 2500MW. It encounters a load increase
of 50MW. If the normal operating load is 1000 MW. Assume inertia constant
(H) to be 5 Sec and regulation of the generators in the system as 2 HZ/P.u.
Find the (i) ALFC loop parameters (ii) Static frequency drop (iii) Transient
response of ALFC loop. (A.U. APR/ MAY 2015)

22. An isolated power system has the following parameters:
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Turbine rated output= 300MW, Nominal frequency= 50HZ,
Governor speed regulation = 0.05 p.u, Inertia constant=5,
Turbine time constant = 0.5 sec. Governor time constant= 0.2 sec,
Load change= 60MW.The load varies by 0.8% for a 1% change in

frequency. Determine the steady state frequency deviation. (A.U.
APR/MAY 2014)

23. A single area controlled system has the following data
Area capacity =2000MW
Operating Load=1000MW
R=2.4Hz/p.u.MW find KI and find the nature of roots for KI=1.

24. Determine the primary ALFC loop parameter for a control area having the
following data : Total rated area capacity, Pr =2000MW

Normal Operating Load, Pd=1000MW
Inertia constant, H= 5 sec
R=2.4Hz/p.u. MW (all area generators)

We shall assume that the load frequency dependency as linear meaning
that the old load would increase 1% for 1% frequency increases.

25. A single area controlled system has the following data
Area capacity =3000MW
Operating Load=1500MW
R=3%, H=5 sec and frequency=50 Hz

Compute steady state drop in frequency in Hz for a step load changing

of 25MW.
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PART-A

1. What are the various functions of excitation system?

(A.U. NOV/DEC 2013), (A.U. APR/MAY 2008), (A.U. NOV/DEC 2008),
(A.U. May/june 2009), (MAY/JUNE 2011)

2. List the various components in AVR loop.

3. What are the types of excitation system?

4. What is the condition to determine K value of AVAR loop?

5. State the relation between voltage, power and reactive power at a node.

(A.U. NOV/DEC 2014)
6. State the advantage of switched capacitors in voltage control. (A.U.

NOV/DEC 2014)

7. What are the effects of AVR loop?

8. Draw the block diagram of AVR. (A.U. NOV/DEC 2007)

9. What is the significance of stability compensation in AVR loop? (or)

10. What is meant by stability compensation? (May/Jun 2009)

11. What are the methods of increasing response in AVR?

12. State whether changes in AVR lop will be reflected in ALFC loop.

13. Distinguish between on-load and off-load tap changing.

14. What are static shunt compensators?

15. What is a synchronous condenser? (MAY/JUNE 2011) (MAY/JUNE 2014)
16. What are the methods of voltage control or reactive power compensation?

(A.U. NOV/DEC 2011), (A.U. NOV/DEC 2012)
17. What is static VAR compensator? (A.U. NOV/DEC 2007)

18. What is synchronous condenser?

19. Compare shunt and series capacitors. (A.U. NOV/DEC 2009)

20. Where are synchronous condensers installed?

21. What are the advantages and disadvantages of synchronous

compensators? (A.U. NOV/DEC 2013), (A.U. NOV/DEC 2011)

22. What are the properties of static compensators?

23. Distinguish between rotor angle stability and short term voltage stability.

(A.U. APR/ MAY 2015)
24. What is meant by regulating transformer or Booster transformer?

25. What are the parts of a regulating transformer?

26. How is voltage control obtained by using tap changing transformer?

27. Explain the effect of tap changing transformer on line current and voltage

drop.

28. Show that the shunt compensation improves critical voltage as well as

power factor. (A.U. APR/ MAY 2015)
29. What is Booster transformer? Where is it used? (A.U. NOV/DEC 2012)
30. What is SVC? Why is it used?

31. What are the different types of static VAR compensators? (MAY/JUNE
2014)

32. Discuss the effect of compensation on the maximum power transfer in a

transmission line.

33. Describe the role of synchronous condenser and static VAR system in

voltage control.



EE6603 - POWER SYSTEM OPERATION & CONTROL UNIT III– REACTIVE POWER – VOLTAGE CONTROL

VI Semester EEE/ Page 2

PART-B

1. Draw the circuit diagram for a typical excitation system and derive the

transfer function model and draw the block diagram. Discuss the stability

aspects of the AVR. (A.U. NOV/DEC 2008), (MAY/JUNE 2009),
(MAY/JUNE 2011) , (A.U. NOV/DEC 2011) (A.U. NOV/DEC 2014)

2. List the classification of Excitation system.

3. Discuss generation & absorption of reactive power by voltage control &

derive it. (MAY/JUNE 2011)

4. Derive the relations between voltage, power and reactive power at a node

for applications in power system control. (A.U. NOV/DEC 2007) , (A.U.
NOV/DEC 2012) (A.U. APR/ MAY 2015)

5. Draw the line diagram of a typical voltage regulator and develop a

mathematical model of an exciter system and brief on its control action.

(A.U. NOV/DEC 2009)
6. Explain the static performance of AVR loop. (A.U. NOV/DEC 2009)
7. Explain the dynamic performance of AVR loop. (A.U. NOV/DEC 2009)
8. Explain typical brushless automatic voltage regulator. (A.U. NOV/DEC 2013)

9. Explain any 3 methods of voltage control in a transmission system. (or)
Explain the methods of reactive power control. (A.U. NOV/DEC 2009),
(MAY/JUNE 2011) , (A.U. NOV/DEC 2012) (A.U. NOV/DEC 2014) (A.U.
NOV/DEC 2013), (May/june 2009)

10. Explain the operation of Thyristor controlled reactor (TCR).

11. (i)  Draw the composite SVS power system characteristics.

(ii)What are the applications of SVS.

12. Explain different types of static VAR compensators with a phasor diagram.

MVAR injection (A.U. NOV/DEC 2011) (MAY/JUNE 2014)

13. Explain how the tap setting of OLTC transformer & MVAR injection of

switched capacitors can be used for voltage control. (A.U. NOV/DEC 2007),
(A.U. NOV/DEC 2008)

14. Explain the operation of tap changing transformer & booster transformer.

(A.U. NOV/DEC 2011) , (A.U. NOV/DEC 2012) (A.U. APR/ MAY 2015)
15. Explain the operation of on-load tap changing transformer & tap setting.

16. Explain in detail about stability compensation & feedback stability

compensation.

17. Discuss the effect of compensation on the maximum power transfer in a

transmission line.

18. Explain stability compensation and effects of generator loading.

19. A Three –phase overhead line has resistance and reactance of 5and 20

ohms, respectively, the load at the receiving end is 30 MW, 0.85 power

factor lagging at 33KV. Find the voltage at the sending end. What will be the

K VAR rating of the compensating equipment inserted at the receiving end

so as to maintain a voltage of 33 kV at each end? Find also the maximum

load that can be transmitted. (A.U. NOV/DEC 2009)
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20. A 132 kV line is fed through an 11/132 kV transformer from a constant 11

kV supply. At the load end of the line the voltage is reduced by another

transformer of nominal ration 132/11 kV. The total impedance of the line

and transformer at 132 kV is 25 + j66 ohms. Both transformers are

equipped with tap changing facilities which are arranged so that the product

of the two off-nominal settings is unity. If load on the system is 100 Mw at

0.9 pf lagging. Calculate the settings of the tap changes required to

maintain the voltage of the load bus bar at 11kV. Use base MVA of

100MVA. (A.U. NOV/DEC 2008)
21. The load at receiving end of a 3Φ overhead line is 25 MW, 0.8 pf lag at the

line voltage of 33kV. A synchronous compensator is situated at receiving

end and the voltage at both ends of the line is maintained at 33kV.

Calculate the MVAR of compensator. The line has a resistance and

reactance of 5Ω/ph, 20 Ω/ph, respectively. (MAY/JUNE 2014)
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PART-A

1. What is the need for unit commitment?

2. What are the difficulties to find unit commitment solution?

3. Mention the assumptions made kin the formation of loss formula matrix B.

4. State the unit commitment problem.

5. List the constraints that are accounted in unit commitment problem. (OR)

What is the constraint for brute force technique? Is it possible to get an

optimum solution with this technique and explain how? (A.U. NOV/DEC
2007) (A.U. NOV/DEC 2014)

6. What is minimum up time and down time in unit commitment problem?

7. (A.U. MAY/ JUNE 2011)

8. Write the condition for the optimal power dispatch in al lossless system.

(A.U. NOV/DEC 2013) , (A.U. NOV/DEC 2008)

9. What are base-point and participation factors with respect to economic load

dispatch? (A.U. MAY/ JUNE 2009)
10. What is meant by priority list method? (A.U. NOV/DEC 2009)
11. What is spinning reserve? (A.U. MAY/ JUNE 2011), (A.U. NOV/DEC 2009)

(MAY/JUNE 2014) (A.U. APR/ MAY 2015)

12. Find the incremental transmission losses for a two area power system,

where the bus voltages are kept fixed and the line power flow is a function

of line angle. Power loss is a function of generation of area B only. (A.U.
APR/ MAY 2015)

13. What are the assumptions for priority list method using full load average

production cost?

14. What are the merits and demerits of priority list method?

15. What are the advantages of using forward dynamic programming method?

16. What are the assumptions involved in dynamic programming method?

17. What is the purpose of economic dispatch?

18. What is meant by unit commitment?

19. Name the methods of finding economic dispatch.

20. What do you mean by base load method?

21. What is done in best point loading method?

22. Distinguish between economic dispatch and unit commitment. (MAY/JUNE
2014)

23. What is meant by total generator operating cost?

24. What are the factors affecting the cost of generation? (or) list the various

constraints in the modern power systems.

25. When do discontinuities occur in the fuel cost curve and the incremental

cost curve?

26. What are the advantages of using participation factor?

27. What is the difference between load frequency controller and economic

dispatch controller?

28. What is merit order scheduling?

29. What is Lagrangian multiplier?

30. What is all the point to be noted for a economic load dispatch including

transmission losses?

31. What are the assumptions for deriving loss coefficients?

32. Explain the term incremental operating cost of a power system.

33. How is incremental operating cost related to economic dispatch?

34. What is the criteria that should be satisfied for economic loading of

generating station?

35. Write the relationship between fuel energy input and input fuel cost.

36. Write the quadratic expression for fuel cost.

37. What is system incremental cost?
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38. Define incremental efficiency?

39. Write the coordination equation neglecting losses.

40. Write the relationship between λ and power demand when the cost curve is

given.

41. What is exact coordination equation?

42. Draw incremental fuel cost curve for a thermal plant. (A.U. MAY/ JUNE
2009) (A.U. NOV/DEC 2014)

43. What is meant by incremental cost curve? (A.U. NOV/DEC 2007)

44. Explain the penalty factor.

45. What is base-point?

46. What is participation factor with respect to economic load dispatch?

(A.U. NOV/DEC 2008), (A.U. NOV/DEC 2009)

47. What is base load?

48. What are loss coefficients?

49. How can the economic controller be added as the tertiary loop of LFC

control?

50. Compare with unit commitment and economic load dispatch.

PART-B

1. What is unit commitment? Explain briefly the constraints on unit

commitment problem. (A.U. NOV/DEC 2008), (A.U. MAY/ JUNE 2009),
(A.U. MAY/ JUNE 2011)

2. State the unit commitment problem. With the help of a flow chart explain

forward dynamic programming solution method of unit commitment

problem. (A.U. NOV/DEC 2013) (A.U. NOV/DEC 2007), (A.U. MAY/ JUNE
2009) , (A.U. NOV/DEC 2009),

3. Explain priority list method of solving unit commitment problem. State merits

& demerits. (A.U. NOV/DEC 2009) (A.U. APR/ MAY 2015)

4. Develop an iterative algorithm for solving the optimum dispatch equation of

an ‘n’ bus power system taking into account the effects of system losses.

(A.U. NOV/DEC 2007)

5. Describe the flow chart for obtaining the optimum dispatch strategy of N-bus

system neglecting the system transmission loss.

6. Explain the λ-iteration method for finding the solution of economic dispatch

including transmission losses with a neat flow chart.

7. Explain the direct method for finding the solution of economic dispatch with

& without loss including transmission losses with a neat flow chart. (A.U.
MAY/ JUNE 2011) (A.U. NOV/DEC 2014)

8. Explain the term ‘Incremental operating cost’ of power system related with

economic dispatch. (A.U. NOV/DEC 2009)

9. Write short notes on cost of generation and derive it.

10. Define (i) Minimum up time (ii) Minimum down time (ii) Spinning reserve

11. What is spinning reserve and does this reserve help in operating a power

system operating efficiency?

12. Explain in detail about unit commitment & economic dispatch control.
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13. A power plant consists of two 200 MW units, whose input cost data is given

by,

F1 = 0.004 P1
2 + 2.0 P1 + 80   Rs/hr

F2 = 0.006 P2
2 + 1.5 P2 + 100 Rs/hr

For the total load of 250 MW, what should be the division of load between

two units for most economic operation?

14. The fuel-cost functions for three thermal plants in $/h are given by

= 0.004 + 5.3 +500 (A.U. MAY/ JUNE 2009)

= 0.006 + 5.5 + 400

= 0.009 + 5.8 + 200

Where , are in MW.

Find the optimal dispatch and the total cost when the total load is 925 MW

with the following generator limits:

100 MW ≤ ≤ 450 MW

100 MW ≤ ≤ 350 MW

100 MW ≤ ≤ 225 MW

15. (a) In a power system having two units, the loss coefficient are:

=    0.0015 MW-1 , = − 0.0006 MW-1, (A.U. NOV/DEC 2008)

= −0.0006 MW-1 , = − 0.0024 MW-1 ,

The incremental production costs of the units are:

= 0.08 + 20 Rs/MWhr

= 0.09 + 16 Rs/MWhr

Find the generation schedule for = 20 and 25. Find also the change in

transmission losses between the two schedules.

16. Construct the priority list for the units given below:

(A.U. NOV/DEC 2009) (A.U. NOV/DEC 2014) (A.U. APR/ MAY 2015)

Unit Heat rate
(MBtu/hr)

Pmin
(MW)

Pmax
(MW)

Fuel cost
(Rs/MBtu)

1 510 + 7.20 + 0.00142 150 600 1.1

2 310 + 7.85 + 0.00194 100 400 1.0

3 78   + 7.97 + 0.00482 50 200 1.2

17. The cost characteristics of three plants of a plant are:

C1 = 0.05 P1
2 + 17.0 P1 + 160  Rs/hr

C2 = 0.06 P2
2 + 14.4 P2 + 200  Rs/hr

C3 = 0.08 P3
2 + 90.0 P3 + 240  Rs/hr

Where P1, P2 & P3 are in MW.

The incremental transmission losses for the network with respect to plants

1,2and 3 are 0.05, 0.10 and 0.15MW per MW of generation. Find the

optimal dispatch for a total load of 100MW and also its incremental cost of

received power.

18. The fuel inputs per hour of plants 1 and 2 are given as,

F1 = 0.2  P1
2 + 40 P1 + 120   Rs/hr

F2 = 0.25 P2
2 + 30 P2 + 150  Rs/hr

Determine the economic operating schedule and the corresponding cost of

generation of maximum and minimum loading on each unit is 100 MW and

25 MW. Assume the transmission losses are ignored and the total demand

is 180 MW. Also determine the saving obtained if the load is equally shared

by both the units. (A.U. NOV/DEC 2009)(A.U. NOV/DEC 2013)
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19. A heat rate of 100MW fuel fired generator is (MAY/JUNE 2014)
10 Mcal/ MWhr at 25% rating

9 Mcal/ MWhr at 40% rating

8 Mcal/ MWhr at 100% rating

Find (i) Fuel cost at 25, 40,100% loading

(ii) Incremental cost

(iii) Fuel input rate using quadratic approximation to deliver 101MW.

20. Determine the priority list using full load average production cost for the

data given below:

Loading Units Fuel cost parameter

Unit No Min Max ai bi Ci Fuelcost

1 100 400 0.006 7 600 1.1

2 50 300 0.01 8 400 1.2

3 150 500 0.008 6 500 1.0

Determine the optimum unit commitment solution for power demand of

800MW. (MAY/JUNE 2014)
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PART-A

1. What is EMS? What are the major functions of it? (NOV/DEC 2009), (A.U.
NOV/DEC 2011)

2. Define Energy Control Centre.

3. What is meant by power system security? (A.U. NOV/DEC 2014)
4. What is Automatic generation control? Mention its objectives. (MAY/JUNE

2014)
5. What role SCADA plays in electrical power systems? (A.U. APR/ MAY

2015)
6. What are responsibilities of regional load dispatch centers? (A.U. APR/

MAY 2015)

7. What is the fundamental design feature of Energy Centre?

8. What are the information that can be received and transmitted by the

control centre?

9. Denote the hierarchical levels used in EMS.

10. How must the analog measurements of the generator output be used?

11. What are the objectives of Automatic Generation Control?

12. What is network topology? (A.U. NOV/DEC 2007), (A.U. NOV/DEC 2012)

13. What are the components which cause a change in network topology and

what are the steps to rectify it?

14. What does the output of the state estimator consists of?

15. What is contingency analysis program?

16. What are the typical sensors used in power system applications?

17. What is the use of A/D converter?

18. Define restorative state. (MAY/JUNE 2014)
19. What is SCADA? (A.U. NOV/DEC 2012)

20. What do you understand by security constraints?

21. Write importance of state estimation in power system. (A.U. NOV/DEC
2008)

22. List out the conditions for normal operations of a power system.

(A.U. MAY/JUNE 2009)
23. What is the function of load dispatch centre? (A.U. NOV/DEC 2011)
24. What are the functions of SCADA? (A.U. NOV/DEC 2013), (A.U. NOV/DEC

2007), (A.U. NOV/DEC 2008)

25. What are the general functions of the archiving unit?

26. Mention four types of SCADA systems and its application area. (A.U.
NOV/DEC 2014)

27. What are the different operating states a power system can operate in?

(or) what are the system security levels?

28. What is normal state?

29. What is alert state?

30. What is emergency state? (NOV/DEC 2009)

31. Write the characteristics of a power system of emergency state.

32. What is extremis?

33. Define restorative state.

34. What is security monitoring and control?

35. What are the requirements of security monitoring?

36. What is power system considered to be secured?

37. List the various controls to ensure secured operation of a power system.

38. Why is excess generation capability needed?

39. Why is load frequency control used?

40. What is load forecasting?

41. How is load forecasting classified depending upon the time period?

42. What are the important types of relays used for protection?
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43. What is unit protection?

44. What is the use of digital computer in short circuit computations?

45. Distinguish between reliability and security of a power system.

46. List the factors that affect the power system security.

47. What are the tasks of energy operational control centre?

48. Define state estimation. (A.U. NOV/DEC 2013), (A.U. MAY/JUNE 2009),
(A.U. MAY/JUNE 2009)

PART-B

1. Explain the hardware components and functional aspects of SCADA system

using a fundamental block diagram. (A.U. NOV/DEC 2013), (A.U.
MAY/JUNE 2009), (NOV/DEC 2009), (A.U. MAY/JUNE 2011), (A.U.
NOV/DEC 2011), (A.U. NOV/DEC 2012) (MAY/JUNE 2014)

2. What are the functions of energy control centre or load dispatch centre and

explain its operation. (A.U. NOV/DEC 2007), (A.U. NOV/DEC 2008),
(NOV/DEC 2009) (A.U. NOV/DEC 2014)

3. Explain the security monitoring or control using state estimation with

necessary transition diagram. (A.U. NOV/DEC 2008), (NOV/DEC 2009),
(A.U. MAY/JUNE 2011) , (A.U. NOV/DEC 2011)

4. What is EMS? What its major function in power system operation & control?

(A.U. NOV/DEC 2013), (A.U. MAY/JUNE 2009)

5. Draw a state transition diagram & explain the various operating state of a

power system and the associated control actions. (A.U. NOV/DEC 2007),
(A.U. NOV/DEC 2008), (A.U. MAY/JUNE 2009), (A.U. MAY/JUNE 2011)
(MAY/JUNE 2014) (A.U. NOV/DEC 2014) (A.U. APR/ MAY 2015)

6. What are the functions of a modern power system control centre? (A.U.
MAY/JUNE 2009)

7. Explain the need of computer control of power system. (A.U. NOV/DEC
2011)

8. Explain data acquisition & control.

9. Write short notes on (i) network topology (ii) state estimation(A.U.
NOV/DEC 2013) (A.U. APR/ MAY 2015)

10. Explain the following in detail. (A.U. NOV/DEC 2012)

(i) Normal state of a power system.

(ii) Alert state of a power system.

(iii) Secure state of a power system.

(iv) Emergency state of a power system.

(v) Restorative state of a power system.

11. Explain the various controls for secure operation.

12. Explain briefly how the system states are continuously monitored and

controlled. (A.U. NOV/DEC 2013) (A.U. NOV/DEC 2014)
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PART-A

1. What are drives?

Motion control is required in large number of industrial and domestic

applications like transportation systems, rolling mills, paper

machines, textile mills. machine tools, fans, pumps, robots washing

machines etc.

2. What are Electric drives?

Systems employed for motion control are called drives and may

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

gas or steam turbines, steam engines, hydraulic motors and electric

motors, for supplying mechanical energy for motion control, drives

employing electric motors are known as electrical drives.

3. What are the applications of electric drives?

a. Paper mills

b. Electric traction

c. Cement mills

d. Steel mills

4. What are the different types of electrical drives?

a. DC drives

b. AC drives

5. Compare AC and DC drives.
AC DRIVES DC DRIVES

Lower maintenance Regular maintenance
Low cost High cost
Low weight and inertia Height weight and inertia
Constant speed drive Variable speed drive
Dependent of power factor Independent of power factor

6. What are the functions performed by electric drives?

Various functions performed by electric drives include the

following.

a. Driving fans, ventilators, compressors and pumps etc.

b. Lifting goods by hoists and cranes

c. Imparting motion to conveyors in factories, mines and

warehouses and

d. Running excavators and escalators, electric locomotives,

trains, cars, trolley buses, lifts and drum winders etc.

7. What are the advantages of electric drives? (Apr/May 2008)

The advantages of electric drives are,

a. Cost is too low as compared to other systems of drive.

b. The system is more simple and clean.

c. The control is very easy and smooth.

d. Flexible in layout

e. Facility for remote control.

f. Transmission of power from one place to other can be done

with the help of cables instead of long shafts etc.

g. Its maintenance cost is quite low.

h. Its can started at any time without delay in time.

8. What are the disadvantages of electric drives?

The disadvantages of electric drives.

a. Electric drives system is tied only up to the electrified area.

b. The condition arising under the short circuits, leakage from

conductors and breakdown of overhead conductor may lead

to fatal accidents.

c. Failure in supply for a few minutes may disturb the whole

system.

9. What are the parts of the electric drives?

a. Electrical motors and load

b. Power modulator



c. Sources

d. Control unit

e. Sensing unit

10. Mention the motors commonly used in electrical drives.
Motors commonly used in electrical drives are,
a. D.C. motors – Shunt, series, compound and permanent

magnet.
b. Induction motors – Squirrel cage. Wound rotor and linear.
c. Synchronous motors – Wound field and permanent magnet.
d. Burshless D.C. motors.
e. Stepper motors.
f. Switched reluctance motors.

11. What are the classifications of power modulator?
a. Converter
b. Inverter
c. Ac voltage controllers
d. DC choppers
e. Cyclo converters

12. Specify the functions of power modulator.
Power modulator performs one or more of the following four

functions.
a. Modulates flow of power form the source to the motor in
such a manner that motor is imparted speed-torque
characteristics required by the load.
b. During transient operations, such as starting, braking and
speed reversal, it restricts source `and motor currents within
permissible values; excessive current drawn from source may
overload it or may cause a voltage dip.

13. Classify drives. (Apr/May 2008)
According to developments that have taken place electric drives

in industrial applications may be classified into three types.
a. Group drive system.
b. Individual drive system

c. Multi-motor drive system.
14. What are the advantages of group drive over individual drive?

The advantages of group drive over individual drive are
a. Initial cost : Initial cost of group drive is less as compared to

that of the individual drive.
b. Sequence of operation : Group drive system is useful

because all the operations are stopped simultaneously.
c. Space requirement : Less space is required in group drive as

compared to individual drive.
d. Low maintenance cost : It requires little maintenance as

compared to individual drive.
15. What the group drive is not used extensively.

Although the initial cost of group drive is less but yet this system
is not used extensively because of following disadvantages.

a. Power factor : Group drive has low power factor
b. Efficiency : Group drive system when used and if all the

machines are not working together the main motor shall
work at very much reduced load.

c. Reliability : In group drive if the main motor fails whole
industry will come to stand still.

d. Flexibility : Such arrangement is not possible in group drive
i.e., this arrangement is not suitable for the place where
flexibility is the prime factor.

e. Speed : Group drive does not provide constant speed.
f. Types of machines: Group drive is not suitable fro driving

heavy machines such as cranes, lifts and hoists etc.
16. Write short notes on individual electric drives.

In individual drive, each individual machine is driven by a
separate motor.  This motor also imparts motion to various other
parts of the machine.  Examples of such machines are single
spindle drilling machines (Universal motor is used) and lathes.  In a
lathe, the motor rotates the spindle, moves the feed and also with
the help of gears, transmits motion to lubricating and cooling



pumps.  A three phase squirrel cage induction motor is used as the
drive.  In many such applications the electric motor forms an
integral part of the machine.

17. What are the types of enclosures?
a. Screen protected type
b. Drip proof type
c. Totally enclosed type
d. Flame proof type

18. What are the different types of classes of duty?
a. Continuous duty
b. Discontinuous duty
c. Short time duty
d. Intermittent duty

19. Define equivalent current method.
The motor selected should have a current rating more than or

equal to the current. It is also necessary to check the over load
capacity of the motor. This method of determining the power rating
of motor is known as the equivalent current method.

20. What are the three modes of operation for electric drives?
(Apr/May 2011)

a. Steady state
b. Acceleration including starting
c. Deceleration including stopping

21. What is meant by mechanical characteristics?
A curve is drawn between speed and torque. This characteristics

is called mechanical characteristics
22. Draw the speed torque characteristics of DC shunt motor?

23. Draw the speed torque characteristics of DC series motor?

24. What are the three types of braking?
a. Regenerative braking
b. Dynamic braking
c. Plugging

25. Which factors are considered in choosing an electrical drives.
Choice of an electrical drives depends on a number of factors.

Some of the important factors are.
a. Steady state operation requirements: Nature of spend torque

characteristics, speed regulation, speed range, efficiency,
duty cycle, quadrants of operation, speed fluctuations if any,
ratings.

b. Transient operations requirements: Values of acceleration
and deceleration, starting, braking and reversing
performance.

26. What is the necessity of enclosures?
Some form of protection of live and moving parts is usually

desirable to prevent the ingress (incoming) of dust and dire or larger
foreign bodies such as spanners, tools and even careless human
beings.  If however some types of enclosure is adopted to give this
protection, it will also prevent the free ingress of cooling air. Hence
an enclosed motor will not be able to give such a large output for a
given temperature rise as an unprotected motor of some
dimensions.

Speed

Torque

Speed

Torque



27. Write about drip proof type.
Where motors are to be installed in very damp situations, a drip

proof enclosure can be used in which the openings are protected by
overhanging cowls to prevent falling moisture form entering the
machine.

28. Write about splash proof type.
In such machines, the ventilating openings are so constructed that

liquid drops or dust particles reaching the machine at any angle
between the vertical and 100o from it cannot enter the machine.

29. What is the use of flame proof type enclosure?
For the use in coal mines or other situations where an explosive

atmosphere may arise, a special form of totally enclosed motor must
be used which is capable of withstanding any explosion of gas inside
the motor without transmitting the flame to the outside.  The
ventilating openings in the machines are made long enough for the
flame to be contained within the frame.

30. What are bearings? Give the types of it .
Bearings are those parts of machines which house and support the

main shaft.  These provide friction free movement of rotating parts
and keep the moving part is fixed physical position.  The two types of
bearings are gerally employed foe motors.

a. Ball or roller bearing.
b. Sleeve or bush bearing.

31. Write about ball bearing.
In ball bearing the shaft is supported on the walls or roller which are

movable. Ball bearings are used for motors up to 100 H.P.  It is
expensive but lower friction loss, requires less space and low
maintenance.  This bearing gives more so it is not recommended
where noise is to be avoided.

32. What are plain bearings?
Sleeve or bush bearings are also known as plain bearings and

friction in such cases is reduced by the use of lubricating film.  For
fractional horse power motors, it is in the form of a self-aligning

porous bronze bush as sintered bush.  For large horse powers it is in
the form of journal bearings.  When properly designed, the complete
load is transferred to a hydrodynamic oil film developed in between
the shat and sleeve.  The advantage of this type of bearing is that it
gibes noiseless operation and has longer life.

33. Specify the various methods of transmission of drive.
The various methods of transmission of drive in general use are.

a. Direct drive b. Belt drive
c. Rope or V belt drive d. Gear drive
e. Chain drive f. Vertical drive.

34. Mention the general rules used in belt drive system.
The general rules which are used in belt drives system are,

a. The diameter of the driven pulley should not be more than
six times the diameter of motor pulley.

b. The distance between pulleys centers should not be less
than four times the diameter of larger pulley.

35. Give the importance of noise level in the selection of a motor.
Noise level is the important features to be considered while

making the selection of a motor.  Noise should be kept as low as
possible in the workshops, hospitals and other domestic purposes.
The noise may be due to bearing vibrations magnetic pulsations and
faulty foundations.  The reduce the noise, journal bearing may be
used in place of ball bearings.  The motor should be mounted on a
heavy concrete or cast iron block.  The electrical connections should
be made through the flexible conduits.

36. How is the stator winding changed during constant torque and
constant horsepower operations?

For constant torque operation, the change of stator winding is
made form series – star to parallel – star, while for constant
horsepower operation the change is made from series-delta to
parallel-star.  Regenerative braking takes place during changeover
from higher to lower speeds.



37. Define positive and negative motor torque.
Positive motor torque is defined as the torque which produces

acceleration or the positive rate of change of speed in forward
direction.  Positive load torque is negative if it produces
deceleration.

38. What are the two modes of operation in the motor?
The two modes of operation in the motor are, motoring and

braking.  In motoring, it converts electrical energy to mechanical
energy, which supports its motion.  In braking, it works as a
generator converting mechanical energy to Electrical energy and
thus opposes the motion.

39. Explain the four quadrant operations in motor.
Power developed by a motor is given by the product of speed

and torque.  In quadrant I < developed power is positive.  Hence
machine works as a motor supplying mechanical energy.  Operation
in quadrant I is , the fore, called forward motoring.  In quadrant II,
Power is negative.  Hence machine works under braking opposing
braking.  Similarly, operations in quadrant III and IV can be
identified as reverse motoring and braking respectively.

40. How will you select the motor rating for a specific application?
When operating for a specific application motor rating should be

carefully chosen that the insulation temperature never exceed the
prescribed limit.  Otherwise either it will lead to its immediate
thermal breakdown causing short circuit and damage to winding, or
it will lead to deterioration of its quality resulting into thermal
breakdown in near future.

PART-B

1. Explain about various factors for the selection of motor drives.

2. Discuss the different classes of duty of motors and also explain the

method of determination of power rating.

3. Compare the AC and DC drives.

4. Explain about the quadrantal diagram of speed torque

characteristics for a motor driving hoist load.

5. Explain the methods of plugging and rheostatic braking as applied

to DC motors and induction motors.

6. Explain in detail regenerative braking of DC separately excited

motor.

7. Derive an expression for temperature rise of an electrical machine

with time and hence plot heating curve.

8. Brief about steady state stability of an electric drive.

9. Explain the operation of different braking methods applied to dc

motors.
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1. What are the advantages of D.C. drives?
The advantages of D.C. drives are,

a. Adjustable speed
b. Good speed regulation
c. Frequent starting, braking and reversing.

2. What is the disadvantage of DC drives?
The disadvantage of D.C. drives is the presence of a

mechanical commutator which limits the maximum power rating
and the speed.

3. Give some applications of D.C. drives.
The applications of D.C. drives are,

a. Rolling mills b. Paper mills
c. Mine winders d. Hoists
e. Machine tools f. Traction
g. Printing presses h. Excavators
i. Textile mills j. Cranes.

4. Why the variable speed applications are dominated by D.C.
drives?

The variable speed applications are dominated by D.C.
drives because of lower cost, reliability and simple control.

5. What are the drawbacks of the armature resistance control?
In armature resistance control, speed is varied by

wasting power in external resistors that are series with the
armature. Since it is an inefficient method of speed control, it
was used in intermittent load applications where the duration of
low speed operation forms only a small proportion of total
running time.

6. What is the use of flywheel? Where it is used?
It is used for load equalization.  It is mounted on the

motor shaft in compound motor.

7. What are the advantages of series motor?
The advantages of series motors are,

a. High starting torque
b. Heavy torque overloads.

8. Why the sparking is produced in commutator of universal
motor?

The alternating flux produces large induced currents in
the coils that are short circuited by the brushes during
commutation.  This causes excessive sparking at the
commentator.

9. What are the advantages universal motors?
The advantages of universal motors are,

a. It is cheapest
b. Running at high speeds
c. Very small weight and size.

10. What are the disadvantages universal motors?
The disadvantages of universal motors are,

a. Frequent maintenance
b. Short operating life.

11. Give some application of universal motor.
The applications of universal motors are,

a. Fans
b. Electric drills
c. Home appliances.

12. Give some application of permanent magnet motor.
The applications of permanent magnet motors are,

a. Mopeds
b. Fork lift trucks
c. Wheel chairs.



13. What is the use of servo motors?
Servo motors are intended to be used in closed loop

speed and positional control system

14. What is known as micro motors? Where it is used?
Then motors (with diameters around 1m), known as

micro motors.
These motors are widely used in cameras, card readers, video
systems, etc

15. What are the two types of moving coil motors?
The two types of moving coil motors are,

a. Shell type
b. B. Disc or pan cake type.

16. How the D.C. motor is affected at the time of starting?
A D.C. motor is started with full supply voltage across its

terminals; a very high current will flow, which may damage the
motor due to heavy sparking at commuter and heating of the
winding.  Therefore, it is necessary top limit the current to a safe
value during starting.

17. What is braking?
The motor works as a generator developing a negative

torque which opposes the motion is called barking.

18. Mention the types of braking.
It is of three types.  They are,

a. Regenerative braking.
b. Dynamic or rheostat braking.
c. Plugging or reverse voltage braking.

19. What are the three types of speed control?
The three types of speed control as,

a. Armature voltage control
b. Field flux control
c. Armature resistance control.

20. What are the advantages of armature voltage control?
The advantages of armature voltage control are,

a. High efficiency
b. Good transient response
c. Good speed regulation.

21. What are the methods involved in armature voltage control?
When the supply in A.C,

a. Ward-Leonard schemes
b. Transformer with taps and an uncontrolled rectifier bridge.
c. Static ward Leonard scheme or controlled rectifiers

When the supply in D.C,
a. Chopper control.

22. What is Ward Leonard drive?
Controller rectifiers are used to get variable dc voltage

from an ac source of fixed voltage. Controlled rectifier fed dc
drives is also known as static ward Leonard drives.

23. Give some drawbacks of Ward-Leonard drive
Drawbacks of Ward Leonard drive are,

a. High initial cost
b. Large weight and size
c. Needs more floor space and proper foundation
d. Required frequent maintenance
e. Higher noise and higher losses
f. Low efficiency.

24. Give some uses of Ward-Leonard drive
The Ward-Leonard drive is used in rolling mills, mine

winders, paper mills, elevators, machine tools etc.

25. What is called Ward-Leonard-Linger?
If the load is heavy and intermittent, a slip-ring induction

motor is employed and a flywheel is mounted on its shaft.  This
is called the Ward-Leonard Ilgener scheme.

26. Give some advantages of Ward-Leonard drive.
The advantages of Ward-Leonard drive are,



a. Inherent regenerative braking capability
b. Power factor improvement.

27. List some important features of on load tap changer.
The important features of on load tap changer are,

a. Output voltage can be changed only in steps.
b. Rectifier output voltage waveform does not charge as the

output voltage is reduced.  A good power factor is
maintained at the source and current harmonics introduced
in the supply.  Lines do not increase abnormally, like in the
case of a controlled rectifier when motor voltage is reduced
to a small value.

c. Because of the use of Diode Bridge, circuit is not capable of
regeneration.

28. What is the use of controlled rectifiers?
Controlled rectifiers are used to get variable D.C.

Voltage form an A.C. Source of fixed voltage.

29. What is known as fully controlled rectifier?
The rectifiers provide control of D.C. voltage in either

direction and therefore, allow motor control in quadrants I and IV.
They are known as fully-controlled rectifiers.

30. What is known as half-controlled rectifier?
The rectifiers allow D.C. Voltage control only in one

direction and motor control in quadrant I only.  They are known
as half-controlled rectifiers.

31. What are the drawbacks of rectifier fed dc drives?
a. Distortion of supply
b. Low power factor
c. Ripple in  motor current.

32. What are the advantages in operating choppers at high
frequency?

The operation at a high frequency improves motor
performance by reducing current ripple and eliminating
discontinuous conduction.

33. Why self-commutated devices are preferred over thyristors for
chopper circuits?

Self-commutated devices such as power MOSFETs,
power transistors, IGBTs, GTOs and IGCTs are preferred over
thyristors for building choppers because they can be
commutated by a low power control signal and don’t need
commutation circuit.

34. State the advantages of DC chopper drives.
DC chopper drives has the advantages of high efficiency

flexibility in control, light weight, small size, quick response and
regeneration down to very low speed.

35. What are the advantages of closed loop control of dc drives?
Closed loop control system has the advantages of

improved accuracy, fast dynamic response and reduced effects
of disturbances and system non - linearties.

36. What are the types of control strategies in a dc chopper?
a. Time ration control
b. Current limit control.

37. What are the advantages using PI controller in closed loop
control of dc drives?

a. Stabilizes the drive
b. Adjusts the damping ratio at the desired value
c. Makes the steady state speed error to zero by integral action

and filter out noise again due to the integral action.

38. What is called continuous conduction?
A D.C. motor is fed from a phase controlled converter

the current in the armature may flow in discrete pulses in called
continuous conduction.

39. What is called discontinuous conduction?
A D.C. motor is fed from a phase controlled converter

the current in the armature may flow continuously with an
average value superimposed on by a ripple is called
discontinuous conduction.



40. What are the three intervals present in discontinuous
conduction mode of single phase half controlled rectifier?

The three intervals present in half controlled rectifier are,
a. Duty interval
b. Free, wheeling interval
c. Zero current interval.

41. What are the three intervals present in discontinuous
conduction mode of single phase fully controlled rectifier?

The two intervals present in fully controlled rectifier are,
a. Duty interval
b. Zero current interval.

42. What is called inversion?
Rectifier takes power from D.C. terminals and transfers it

to A.C. mains is called inversion.

43. What is line commutated inverter?
Full converter with firing angle delay greater than 90 is

called line commutated inverter. Such an operation is used in
regenerative braking mode of a dc motor in which case a back
emf is greater than applied voltage.

PART-B

1. Explain speed torque characteristics of a drive in terms of four

quadrant operation.

2. Explain about the speed torque characteristics of a dc shunt

motor and dc series motor with suitable graph and equations.

3. Draw the torque speed curves of a series motor a varying flux

and varying voltage.

4. Describe the operation of single phase fully controlled rectifier

control of dc separately excited motor and obtain the expression

of motor speed for continuous and discontinuous modes of

operation.

5. Explain the operation of two quadrant chopper fed dc drive

system.

6. Describe the working of a single quadrant chopper fed dc series

motor drive.

7. Explain regenerative braking and dynamic braking of separately

excited dc motor by chopper control.

8. Explain the operation of four quadrant dc chopper drive.

9. What is TRC and CRC control scheme?

10. Describe the operation of three phase fully controlled rectifier

control of dc separately excited motor and obtain the expression

of motor speed for continuous and discontinuous modes of

operation.
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UNIT III -DESIGN OF CONTROLLERS FOR DRIVES
PART-A

1. What is meant by transfer function?
A transfer function is defined as the ratio of the Laplace transform of
the output variable to the Laplace transform of the input assuming
all the input variables to be zero

2. How the transfer function is derived?
The transfer function is derive from the set of differential equations
which describes the behavior of the system

3. What is the use of the transfer function?
It is used to determine the dynamic behavior of the system as it
gives location of poles and zeros on the s plane

4. What is meant by armature control of DC motor?
The speed of DC motor is varied by varying the armature voltage. In
this method, the field current is maintained constant. The response
is determined by armature time constant, which has very low value.
The field time constant is 10 to 100 times greater than armature
time constant.

5. What is meant by field control of DC motor?
The speed of DC motor is varied by varying the field current. In this
method, the armature voltage is maintained constant. By weakening
the field flux the speed can be increased.

6. What is the transfer function of an armature controlled DC motor?
The transfer function of an armature controlled DC motor is given
by,
Transfer function = K / s [(ra + sLa)(Js+f) + KbK]
Where
K = motor constant
ra = Armature resistance

La = Armature inductance
J = Moment of inertia
f = Friction constant
Kb = Back emf constant

7. What is the transfer function of field controlled DC motor?
The transfer function of field controlled DC motor is given by,
Transfer function = K / (Tfs + 1) (Tms + 1)
Where
Km = motor gain constant
Tf = Field time constant
Tm = Mechanical time constant

8. Define field time constant.
It is a ratio of field reactance to the field resistance
Tf = Lf / rf

9. Define mechanical time constant.
It is a ratio of moment of inertia to the friction constant
Tm = J / f

10. Compare the armature controlled and field controlled DC motors.

11. What are the main advantages of using closed loop control in
drives?

The closed loop control has steady state error and hence the
output is very close to the desired value and can be controlled.

12. What are the main components of a variable speed drive
system?

The four main components of a variable speed drive systems are

Armature controlled DC motor Field controlled DC motor
Back emf provides damping This is not the case and necessary

Speed control is at constant torque
up to base speed

Speed control at variable torque i.e.,
at constant power beyond base
speed

Time constants are small Time constants are large
Second order system can be
reduced to first order due to
negligible  of armature inductance

Second order system approximation
to first order is not possible due to
large value of Lr



 Electrical machines
 Power converter
 Controller
 Load

13. What are the factors to be considered for selection of machines for
particular application?

 Cost
 Thermal capacity
 Efficiency
 Torque speed profile
 Acceleration
 Power density, volume of the motor
 Ripple, coggle torques
 Availability of spare and second sources
 Robustness
 Suitability for hazardous

14. What is meant by controller?
The controller is the device which is used to control the motor
according to the requirement and to achieve the desired
performance. The controllers embody the control laws governing the
load and the motor characteristics and their interaction. To match
the load and motor through the power converter, the controller
controls the inpt to the power converter.

15. What are the inputs to the controller?
The inputs to the controllers are
 Torque, flux, speed and position control
 Measured torque, flux, speed and position / feedback

commands
 The constants in the speed and position controllers such as

proportional, integral and derivative gain
 Their rate of variation to facilitate soft start and preserve the

mechanical integrity of the load
 Limiting value of current, torque, acceleration and so on

 Temperature feedback and instantaneous currents, voltages
in the motor and converter

16. What is the function of the controller output?
The controller output determines the control signal for voltage
magnitude and control signal for determining the frequency.
These functions are merged and only the final gating signals
might be directly issued to the bases/gates of the power
converter. It may perform the protection and other monitoring
functions and deal emergencies such as sudden field loss or
power failures

17. What are the two controllers used in closed loop control
system?

The two controllers used in closed loop control systems are
 Current controller
 Speed controller

18. What are the sensing units available in electric drive system
and mention its function?

 Speed sensing: Required for implementation of closed loop
speed control systems. Speed usually sensed by using
tachometers

 Current sensing

19. How the loading arrangement is given to the motor?
The load can be directly connected to the motor or

sometimes the motor is connected to the load through a set of
gears

20. What are the facts to be considered for modeling the gears?
 The power handled by the gear is same on both the sides
 Speed on each side is inversely proportional to the tooth

number

21. What is electromechanical modeling of the DC motor?
The motor is modeled as a moment of inertia J in kg-m2/sec2 with
a viscous friction B in N-m.



22. What is transfer function representation of the converter?
The converter after linearization is represented as
Gr (s) =Va(s) / Vc(s) = Kr / 1+ sTr

Where, Tr = Delay time.

23. Write short notes on current feedback.
The gain of the current feedback is Hc. no filtering is required in
most case. In the case of a filtering requirement, a low pass filter
can be included in the analysis. Even then the time constant of the
filter might not be greater than a millisecond.

24. Write short notes on speed feedback.
Most high performance systems use a DC tachogenerator, and the
filter required is low pass, with a time constant less than 10 ms. The
transfer function of the speed feedback filter is,
G(S) = K / 1+sT

25. Write short notes on current controller.
The current controllers are proportional integral type. They are
represented as Gc(S) = Kc(1+sTc) / sTc where subscripts c
and s corresponds to the current and speed controller. The K and T
corresponds to the gain and time constants of the controller.

26. Write short notes on speed controller.
The speed controllers are proportional integral type. They are
represented as Gs(S) = Ks(1+sTs) / sTs where subscripts c and
s corresponds to the current and speed controller. The K and T
corresponds to the gain and time constants of the controller.

27. How the design of closed loop starts?
The design of closed loop starts from the inner most loops and
proceeds to the slowest loop, which in this case is the outer speed
loop. The reason to proceed from the inner to the outer loop in the
design process is that the gain and time constants of only one
controller at a time are soled instead of solving for gain and time
constants of all the controller simultaneously.

28. What are the factors to be considered for selecting the rating of
the motor?

The motor and load specifications are the factors to be
considered for selecting the rating of the motor.

29. What are the factors to be considered for the selection of
controller?

The factors to e considered for the selection of controllers are,
 Feature such as regeneration
 Reversal of speed
 Steady state accuracy or error
 Dynamic response
 Flexibility to change controller gains
 Metering and data logging
 Protection coordination of the motor and converter
 Interface capability to other processes
 Loss of field supply, main supply, etc

30. What is the effect of change of temperature in open lop system
and closed loop system?

In a closed loop system, it will not have an effect n the output
variable such as torque and speed. But in open loop system, the
change in temperature increases the armature resistance which
will decrease the rotor speed.

31. What are the types of current controller in choppers fed drives?
The types of current controller in chopper fed drives are
 Pulse width modulation controller
 Hysteresis controller

32. Write short notes on modeling of current controller of a chopper
fed drives.

The current error amplifier is modeled as a gain and is given by
G(S) = Kc

The chopper is modeled as a first order lag, with a gain given by
G(S) = K / (1+sT/2)



33. Write short notes on closed loop operation.
Feedback control of speed and current is employed to regulate the
speed and to maintain the current within the safe limits. The inner
current feedback loop is for the purpose of current limiting. The
outer speed loop enforces the desired speed in the motor drive. The
speed command is processed through a soft start / stop controller to
limit the acceleration and deceleration of the drive system.

34. What is limiter?
The current command is compared is compared with the actual
current and its error is processed through a limiter. The limiter
ensures that the control signal Vc to the phase controller is
constrained to a safe level.

35. What are the applications of phase controlled induction motor
drive?

The applications of phase controller induction motor drive are
 Pumps
 Fans
 Compressors
 Extruders
 Presses

36. Write some examples for closed loop drives
 Ski lifters
 Conveyors
 Wire drawing machines

37. What are the assumptions to be considered for dynamic
simulation of the CSIM drive system?

 The stator currents have negligible rise and fall times
 The voltage spikes due to the step currents are constants
 The time delay in the inverter is neglected, even though it could

have a substantial effect at high speeds.

38. What is the main cause for voltage spikes?
The voltage spikes are the function of the machine leakage
inductances and commutating capacitors and hence are determine
by the machine and inverter designs.

39. What are the assumptions are made to develop the sensor less
control algorithm?

The assumptions are made to develop the sensor less control
algorithm are
 Motor parameter and rotor PM flux are constant
 Induced emf in the machine are sinusoidal
 The drive operates in the constant torque region, and flux

weakening operation is not consant.

40. Compare the hysteresis and PWM controller.

PART-B

1. Explain in detail about digital controlled electrical drive system.

2. Explain in detail about Microprocessor based electrical drives.

3. Explain in detail about Microcomputer based electrical drives.

4. Explain in detail about PLC based drives.

5. Explain in detail about Drive selection for steel rolling mills, paper

mills, crane drives.

Characteristics Hysteresis current
controller PWM current controller

Switching frequency
Speed of response
Ripple content
Filter size
Switching losses

Varying frequency
Fastest
Adjustable
Dependent on Di
Usually high

Fixed at carrier
Fats
Fixed
Usually small
Low
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UNIT IV - INDUCTION MOTOR DRIVES
PART-A

1. What are the different methods of braking applied to an
induction motor?

 Regenerative braking
 Plugging
 Dynamic braking

2. What are the different methods of speed control of induction
motors?

 Stator voltage control
 Supply frequency control
 Rotor resistance control
 Slip power recovery control

3. What is meant by stator voltage control?
The speed of the induction motor can be changed by

changing the stator voltage. Because the torque is proportional to
square of the voltage

4. What are the applications of stator voltage control?
The stator voltage control method is suitable for applications

where torque demand reduces with speed, which points towards its
suitability for

 Fan
 Pump drives

5. What are the advantages of induction motors over D.C. motors?
The main drawback of D.C. motors is the presence of

commutate and brushes, which require frequent maintenance and
make them unsuitable for explosive and dirty environments. On the
other hand, induction motors, particularly squirrel- cage are rugged,
cheaper, lighter, smaller, more efficient, require lower maintenance
and can operate in dirty and explosive environments.

6. Give the applications of induction motors drives.
Although variable speed induction motor drives are generally

expensive than D.C. drives, they are used in a number of
applications such as fans, blowers, mill run-out tables, cranes,
conveyors, traction etc., because of the advantages of induction

motors. Other applications involved are underground and
underwater installations, and explosive and dirty environments.

7. What are the three regions in the speed torque characteristics
of the induction motor?

 Motoring region (0 ≤ s ≥1)
 Generating region ( s < 1)
 Plugging region (1 ≤ s ≥2)

8. What are the advantages of stator voltage control method?
 The control circuitry is simple
 Compact size
 Quick response time
 There is considerable savings in energy and thus it is

economical method as compared to other methods of
speed control

9. What are the disadvantages of stator voltage control method?
 Voltage and current waveforms are highly distorted due

to harmonics, which affects the efficiency of the motor
 Performance is poor under running condition at low

speeds
 Operating efficiency is low a resistance losses are high
 At low speeds, motor currents are excessive and special

arrangements should be provided to limit the excessive
currents

 Maximum torque available from the motor decreases
with reduction in stator voltage

10. What is meant by soft start?
The AC voltage controllers allow a step less control of supply

voltage from zero to rated volt. They are used for start of motors.

11. Mention the advantages of a converter fed indication motor over
a line fed motor.

 A converter fed induction motor has the following
advantages over line fed motor.

 Smooth start up is guaranteed by variable frequency
starting from a low value.

 Soft starting and acceleration at constant current and
torque are possible.

 The network is no longer subjected to a high switching
surge current as with the direct switch on of cage
induction motor, and as such, special starting equipment
can be omitted even at high ratings.



 High moments of inertia can be accelerated without
need to over dimension the motor.

 The converter acts as a decoupling device.  Therefore
feedback from the motor to the point of short circuit does
not take place, when line short circuits occur.  The short
circuit rating on the basis of which the switchgear has to
be over dimensioned is therefore low, permitting a
saving to be made.

12. What are the features of variable frequency control?
 Speed control and braking operation are available from

zero to above speed
 Drop in speed from no load to full load is small
 Copper losses are low. Hence efficiency and power

factor are high as the operation is restricted between
synchronous speed and maximum torque point at all
frequencies

 During transient (starting, braking and speed reversal)
operation can be carried out at the maximum torque
current giving good dynamic response

13. How is the speed controlled in induction motor?
The induction motor speed can be controlled by supplying the

stator a variable voltage, variable frequency supply using static
frequency converters. Speed control is also possible by feeding the
slip power to the supply system using converters in the rotor circuit,
Basically one distinguishes two different methods of speed control.

 Speed control by varying the slip frequency when the
stator is fed from a constant voltage, constant frequency
mains.

 Speed control of the motor using a variable frequency
variable voltage motor operating at constant rotor
frequency.

14. What is meant by frequency control of induction motor?
The speed of the induction motor can be controlled by changing

the supply frequency, because the speed is directly proportional to
supply frequency. This method of speed control is called frequency
control.

15. How is the speed control by variation of slip frequency
obtained?

Speed control by variation of slip frequency is obtained by the
following ways.

 Stator voltage control using a three-phase voltage
controller.

 Rotor resistance control using a chopper controlled
resistance in the rotor circuit.

 Using a converter cascade in the rotor circuit to recover
slip energy.

 Using a Cycloconverter in the rotor circuit.

16. Frequency control is not normally used. Why?
The supply voltage is maintained fixed value but the

supply frequency is reduced the flux will increase. Due to this,
saturation of air gap flux, and the motor parameters would not be
valid in determining the speed torque characteristics. At low
frequency, the reactances will decrease and motor current will
increase. So that the frequency control is not normally used.

17. Define slip
The difference between the synchronous speed and

actual speed of the rotor is known as slip speed.

18. Mention the effects of variable voltage supply in a cage
induction motor.

When a cage induction motor is fed from a variable
voltage for speed control the following observations may be
made.

 The torque curve beyond the maximum torque point has
a negative shape.  A stable operating point in this region
is not possible for constant torque load.

 The voltage controlled must be capable of withstanding
high starting currents.  The range of speed control is
rather limited.

 The motor power factor is poor.

19. Classify the type of loads driven by the motor.
The type of load driven by the motor influences the

current drawn and losses of the motor as the slip various.  The
normally occurring loads are

 Constant torque loads.
 Torque varying proportional to speed.
 Torque varying preoperational to the square of the

speed.

20. What is meant by field weakening mode of operation in the
stator frequency control?

With constant supply voltage and increased supply
frequency operation, air gap flux gets reduced. Therefore, during
this control, induction motor is said to be working in field



weakening mode. Such type of induction motor behavior is
similar to the working of dc series motors.

21. What are the disadvantages of constant torque loads?
The constant torque loads are not favored due to increase in the

losses linearly with slip and becoming maximum at s= 1.0.  This is
obvious form the variation of flux as the voltage is varied for speed
control.  To maintain constant torque the motor draws heavy current
resulting in poor torque/ampere, poor efficiency and poor power
factor at low speeds.

22. In which cases, torque versus speed method is suitable.
Torque versus speed method is suitable only for the following
cases.

 For short time operations where the duration of speed
control is defined.

 For speed control of blowers or pumps having parabolic
or cubic variations of torque with speed.  This is not
suitable for constant torque loads due to increases and
heating.

 For speed control of motor having poor efficiencies
under normal operation.

23. How is the speed of a squirrel cage induction motor controlled?
The speed of a squirrel cage induction motor can be controlled

very effectively by varying the stator frequency.  Further the
operation of the motor is economical and efficient, if it operates at
very small slips.  The speed of the motor is therefore, varied by
varying the supply frequency and maintaining the rotor frequency at
the rated value or a value corresponding to the required torque on
the linear portion of the torque-speed curve.

24. Why the control of a three-phase indication motor is more
difficult than D.C. motors.

The control of a three-phase induction motor, particularly when
the dynamic performance involved is more difficult than D.C. motors.
This is due to

 Relatively large internal resistance of the converter
causes voltage fluctuations following load fluctuations
because the capacitor cannot be ideally large.

 In a D.C. motor there is a decoupling between the flux
producing magnetizing current and torque producing
armature current. They can be independently controlled.
This is not the case with induction motors.

 An induction motor is very poorly damped compared to a
D.C. motor.

25. What is meant by v/f control?
When the frequency is reduced, the input voltage must

be reduced proportionally so as to maintain constant flux.
Otherwise the core will get saturated resulting in excessive iron
loss and magnetizing current. The maximum torque also remains
constant under this condition. This type of control is known as v/f
control. The v/f ratio should be constant. This method is used for
speed control below base frequency.

26. Where is the V/f control used?
The V/f control would be sufficient in some applications

requiring variable torque, such as centrifugal pumps,
compressors and fans.  In these, the torque varies as the square
of the speed.  Therefore at small speeds the required torque is
also small and V/f control would be sufficient to drive these leads
with no compensation required for resistance drop.  This is true
also for the case of the liquid being pumped with minimal solids.

27. What are the advantages of v/f control?
 Smooth speed control
 Small input current and improved power factor at low

frequency start
 Higher starting torque for low cage resistance

28. What are the components of the applied voltage to the
induction motor?

The applied voltage to the induction motor has two
components at low frequencies.  They are

 Proportional to stator frequency.
 To compensate for the resistance drop in the stator.
 The second component deepens on the load on the

motor and hence on rotor frequency.

29. What is meant by stator current control?
The three phase induction motor speed can be

controlled by stator current control. The stator current can be
varied by using current source inverter

30. What are the three modes of region in the adjustable
frequency induction motor drives characteristics?

 Constant torque region
 Constant power region
 High speed series motoring region



31. What is indirect flux control?
The method of maintaining the flux constant by providing a

voltage boost proportional to slip frequency is a kind of indirect flux
control.  This method of flux control is not desirable if very good
dynamic behavior is required.

32. What is voltage source inverter?
Voltage source inverter is a kind of D.C. link converter, which is a

two stage conversion device.

33. What is the purpose of inductance and capacitance in the D.C.
link circuit?

The inductance in the D.C. link circuit provides smoothing
whereas the capacitance maintains the constancy of link voltage.
The link voltage is a controlled quality.

34. What are the disadvantages of square wave inverter in
induction motor drive?

Square wave inverters have commutation problems at very low
frequencies, as the D.C. link voltage available at these frequencies
cannot charge the commutating capacitors sufficiently enough to
commutate the thrusters.  Those puts a limit on the lower frequency
of operation.  To extend the frequency towards zero, special
charging circuits must be used.

35. What are the effects of harmonics in VSI fed induction motor
drive?

The motor receives square wave voltages. This voltage has
harmonic components. The harmonics of the stator current cause
additional losses and heating.  These harmonics are also
responsible for torque pulsations. The reaction of the fifth and
seventh harmonics with the fundamental gives rise to the seventh
harmonic pulsations in the torque developed.  For a given induction
motor fed from a square wave inverter the harmonic content in the
current tends to remain constant independent of input frequency,
with  the rang of operating frequencies of the inverter.

36. What is a current source inverter?
In a D.C. link converter, if the D.C. link current is controlled, the

inverter is called a current source inverter, The current in the D.C.
link is kept constant by a high inductance and he capacitance of the
filter is dispensed with.  A current source inverter is suitable for loads
which present low impedance to harmonic currents and have unity
p.f.

37. Explain about the commutation of the current source
inverter.

The commutation of the inverter is load dependent.  The
load parameters form a part of the commutation circuit.  A
matching is therefore required between the inverter and the
motor. Multimotor operation is not possible.  The inverter must
necessarily be a force commutated one as the induction motor
cannot provide the reactive power for the inverter.  The motor
voltage is almost sinusoidal with superimposed spikes.

38. How is the braking action produced in plugging?
In plugging, the barking torque is produced by

interchange any two supply terminals, so that the direction of
rotation of the rotating magnetic field is reversed with respect to
the rotation of the motor.  The electromagnetic torque developed
provides the braking action and brings the rotor to a quick stop.

39. How is the D.C. dynamic barking is obtained?
D.C. dynamic barking is obtained when the stator of an

induction motor running at a speed is connected to a D.C.
supply. D.C. current flowing though the stator produces a
stationary magnetic field.  Motion of rotor in this field induces
voltage in the rotor winding.  Machine, therefore, works as a
generator.  Generated energy is dissipated in the rotor circuit
resistance, thus giving dynamic barking.

40. What is zero-sequence connection?
In zero-sequence barking, three stator phases are

connected in series across either a single phase A.C. or a D.C.
source.  Such a connection is known as a zero-sequence
connection, because currents in all the stator windings are co-
phrasal. An important advantage of this connection is the uniform
loading f all stator phases.

41. What is meant by regenerative braking?
Regenerative braking occurs when the motor speed

exceeds the synchronous speed. In this case the induction motor
would run as an induction machine is converting the mechanical
power into electrical power, which is delivered back to the
electrical system. This method of braking is known as
regenerative braking

42. Give the conventional methods used for obtaining variable
resistance.

A number of methods are used for obtaining variable
resistance. In drum controllers, resistance in varied by using



rotary switches and a resistance divided in few steps.  Variable
resistance can also be obtained by using contactors and
resistors in series. High power application by use a slip-
regulator, which consists of three electrodes, submerged in an
electrolyte, consisting of saline water.  Resistance is varied by
changing the distance between electrodes and earth electrode.
When the power in high, electrodes are driven by small motor.
Advantage of this method is that resistance can be changed
sleeplessly.

43. How is the resistance in the output terminals of a chopper
varied?

The resistance connected across the output terminals of a
chopper can be varied form O to R by varying the time ratio of the
chopper. When the chopper is always OFF, the supply is always
connected to the resistance R. The time ratio in this case is zero and
the effective resistance connected in R. Similarly when the chopper
is always ON, the resistance is short circuited.  The time ratio in the
case is unity and the effective resistance connected is  0. Hence by
varying the time ratio from 0 to 1, the value of resistance can be
varied from R to O.

44. What is the function of inductance L and resistance R in the
chopper resistance circuit?
 A smoothing inductance L is used in the circuit to maintain the
current at a constant value.  Any short circuit in the chopper does not
become effective due to L.
 The value of R connected across the chopper is effective for all
phases and its value can be related to the resistance to be
connected in each phase if the conventional method has been used.
The speed control range is limited by the resistance.

45. What are the disadvantages and advantages of chopper
controlled resistance in the rotor circuit method?

The method is very inefficient because of losses in the
resistance.  It is suitable for intermittent loads such as elevators.  At
low speeds, in particular the motor has very poor efficiency.  The
rotor current is non-sinusoidal.  They harmonics of the rotor current
produce torque pulsations.  These have a frequency which is six
times the slip frequency. Because of the increased rotor resistance,
the power factor is better.

46. How is the range of speed control increased?
The range of speed control can be increased if a combination of

stator voltage control and rotor resistance control is employed.
Instead of using a high resistance rotor, a slip ring rotor with external

rotor resistance can be used when stator voltage control is used for
controlling the speed.

47. What is converter cascade? Give the use of it.
The combination of diode rectifier and phase controlled inverter

is called converter cascade. The diode rectifier rectifies the slip
power which is inverted and fed back to the mains by the inverter.
The phase control of the inverter beings in a speed control.

48. How the ripple is content decreased?
The D.C. link inductance connecting the diode rectifier and the

inverter provides the constancy of the link current and decreases the
ripple count.  The ripple content is limited to 10%. The ripple content
is due to the control of bridge.  This causes voltage regulations, due
to which the speed of the motor is somewhat higher than the speed
with continuous current.

49. How is the power factor improved?
The line factor is poor due to the phase control of the inverter

and associated reactive power for the converter.  The induction
motor draws a lagging current to establish he airgap flux.  The power
factor can e improved if the inverter can be operated near about 180o

in the complete speed range.  A transformer can be interposed in
between the inverter and line.  At the lowest speed the firing triangle
in near 180o so that the transformer voltage matches the rotor
voltage.

PART-B

1. With necessary diagram and equations explain how speed of 3

phase induction motor can be controlled by varying frequency of

applied voltage.

2. Explain the mechanical characteristics of three phase induction

motor with stator current control.

3. Discuss how V/F speed control scheme of a three phase induction

motor is similar to the armature voltage control method of a DC

motor.

4. Draw and explain vector controlled induction motor drives.



DEPARTMENT OF ELECTRICAL & ELECTRONICS ENGINEERING
YEAR / SEMESTER :  III / VI
SUBJECTCODE & NAME : EE2352 / SOLID STATE DRIVES

UNIT V -SYNCHRONOUS MOTOR DRIVES
PART-A

1. Give the use of synchronous motors.
Synchronous motors were mainly used in constant speed
applications.  The development of semiconductor variable frequency
sources, such as inverters and Cycloconverter, has allowed their use
in variable speed applications such as high power and high speed
compressors, blowers, induced and fouled draft fane, main line
traction, servo drives, etc.

2. How are the stator and rotor of the synchronous motor
supplied?
The stator of the synchronous motor is supplied from a thyristor
power converter capable of providing a variable frequency supply.
The rotor, depending upon the situation, may be constructed with slip
rings, where it conforms to a conventional rotor.  It is supplied with
D.C. through slip rings.  Sometimes rotor may also be free from
sliding contacts (slip rings), in which case the rotor is fed from a
rectifier rotating with rotor.

3. What is the difference between an induction motor and
synchronous motor?
An induction motor operates at lagging power factor and hence the
converter supplying the same must invariable be a force commutated
one.  A synchronous motor, on the other hand, can be operated at
any power factor by controlling the field current.

4. List out the commonly used synchronous motors.
Commonly used synchronous motors are,

 Wound field synchronous motors.

 Permanent magnet synchronous motors

 Synchronous reluctance synchronous motors.

 Hysterias motors.

5. Mention the main difference between the should field and
permanent magnet motors.
When a would filed motor is started as an induction motor, D.C. field
is kept off. In case of a permanent magnet motor, the field cannot be
‘turned off’.

6. Give the advantages and applications of PMSM.
The advantages of PMSM are,

 High efficiency

 High power factor

 Low sensitivity to supply voltage variations.

 The application of PMSM is that it is preferred of industrial
applications with large duty cycle such as pumps, fans and
compressors.

7. Give the uses of a hysteresis synchronous motor.
Small hysteresis motors are extensively used in tape recorders,
office equipment and fans.  Because of the low starting current, it
finds application in high inertia application such as gyrocompasses
and small centrifuges.

8. Mention the two modes employed in variable frequency control.
Variable frequency control may employ and of the two modes.

 True synchronous mode

 Self-controlled mode

9. Which machine is said to be self controlled?
A machine is said to be self controlled if it gets its variable frequency
from an inverter whose thrusters are freed in a sequence, using the
information of rotor position or stator voltages.  In the former a rotor
position sensor is employed which measures the rotor position with
respect to the stator and sends pulses to the thyristors.  Thus
frequency of the inverter output is decided by the rotor speed.

10. What is Commutator Less Motor ( CLM)?
The self controlled motor has properties of a D.C. Motors both under
steady state and dynamic conditions and therefore is called



commutator less motor(CLM).  These machines have better stability
behaviors.  They do not fall out of step and do not have oscillatory
behaviors, as in normal synchronous motors.

11. Give the application of self controlled synchronous motor.
A self controlled synchronous motor is a substitute for a D.C. motor
drive and finds application where a D.C. motor is objectionable due
to its mechanical commutator, which limits the speed range and
power output.

12. Define load commutation.
Commutation of thyristors by induced voltages pf load is known as
load commutation.

13. List out the advantages of load commutation over forced
commutation.
 Load commutation has a number of advantages over forced

commutation

 It does not require commutation circuits

 Frequency of operation can be higher

 It can operate at power levels beyond the capability of forced
commutation.

14. Give some application of load commutated inverter fed
synchronous motor drive.
Some prominent applications of load commutated inverter fed
synchronous motor drive are high speed and high power drives for
compressors, blowers, conveyers, steel rolling mills, main-line
traction and aircraft test facilities.

15. How the machine operation is performed in self-controlled
mode?
For machine operation in the self-controlled mode, rotating filed
speed should be the same as rotor speed.  This condition is relaised
by making frequency of voltage induced in the armature.  Firing
pulses are therefore generated either by comparison of motor
terminal voltages or by rotor position sensors.

16. What is meant by margin angle of commutation?
The difference between the lead angle of firing and the overlap angle
is called the margin angle of commutation.  If this angle of the
thyristor, commutation failure occurs.  Safe commutation is assured if
this angle has a minimum value equal to the turn off angle of the
thyristor.

17. What are the disadvantages of VSI fed synchronous motor
drive?
VSI synchronous motor drives might impose fewer problems both on
machine as well as on the system design.  A normal VSI with 180o

conduction of thyristors required forced commutation and load
commutation is not possible.

18. How is PWM inverter supplied in VSI fed synchronous motor?
When a PWM inverter is used, two cases may arise the inverter may
be fed from a constant D.C. source in which case regeneration is
straight forward.  The D.C. supply to the inverter may be obtained
from a diode rectifier.  In this case an additional phase controlled
converter is required on the line side.

19. What is D.C. link converter?
D.C. link converter is a two stage conversion device which provides
a variable voltage, variable frequency supply.

20. Give the application of CSI fed synchronous motor.
Application of this type of drive is in gas turbine starting pumped
hydroturbine starting, pump and blower drives, etc.

21. What are the disadvantages of machine commutation?
The disadvantages of machine commutation are,

 Limitation on the speed range.

 The machine size is large

 Due to overexciting it is underutilized.



22. What is the use of an auxiliary motor?
Sometimes when the power is small an auxiliary motor can be used
to run up the synchronous motor to the desired speed.

23. What is meant by brushless excitation?
The field of the synchronous motor is excited by the rectified slip power
of the wound field induction motor without brushes is called brushless
excitation.

24. What is the reason to go for brushless excitation?
In order to avoid the disadvantages of slip rings and brushes, brushless
excitation is required.

25. What are the advantages of brushless D.C. motor?
The brushless D.C. motor is in fact an inverter-fed self controlled
permanent synchronous motor drive.  The advantages of brushless D.C.
motor are low cost, simplicity reliability and good performance.

26. How is the direction of rotation reversed in a brushless DC motor?
The direction of rotation in a brushless DC motor can be reversed by
shifting the transistor base pulses by 180.

27. What are the devices used for brushless excitation?
The devices used for brushless excitation are,

 Wound field synchronous motor

 Wound field induction motor

 Rectifier

 AC voltage controller

28. What are the drawbacks of brushless excitation?
The drawbacks of brushless excitation are,

 Cost and complexity of the circuit increased

 Transient response of the field is slow due to brushless excitation

29. How to adjust the power factor of the synchronous motor?
The power factor can be adjusted by the variation in the field current.

30. What are the two controllers used in closed loop control system?
The two controllers used in closed loop control systems are,

 Current controller

 Speed controller

31.Define torque angle.
The angle between the rotor flux and the armature reaction flux is
called as the torque angle.

PART – B

1. What are the modes of speed control of synchronous motor?

2. Explain the closed loop control scheme of adjustable speed

synchronous motor drive.

3. Describe a circuit of self controlled mode of operation of

synchronous motor.

4. Explain the construction and operation of permanent magnet

synchronous motor Drive.

5. Explain the construction and operation of Marginal angle control.

6. Explain the construction and operation of Power Factor control.

7. Explain the construction and operation of V/F control.


