SARDAR RAJA COLLEGE OF ENGINEERING
DEPARTMENT OF ELECTRICAL AND ELECTRONICS ENGINEERING

MICRO LESSON PLAN


[image: image1.png]



SUBJECT NAME
:  POWER SYSTEM OPERATION AND CONTROL                                            
SUBJECT CODE
:  EE71
YEAR


:  IV
SEM


:  VII
                                Staff Name
                                                                                
Mr. I.Arul Doss Adaikalam
                                                                                 AP / EEE

EE71      POWER SYSTEM OPERATION AND CONTROL
    
                       3 0 0 3
AIM: 
To understand the day to day operation of power system and the control actions to be implemented on the system to meet the minute-to-minute variation of system load demand.

OBJECTIVES:
i. To have an overview of power system operation and control.

ii. To model power-frequency dynamics and to design power-frequency controller.

iii. To model reactive power-voltage interaction and the control actions to be 
implemented for maintaining the voltage profile against varying system load. 

1.
INTRODUCTION






                                9 
System load – variation - load characteristics - load curves and load-duration curve (daily, weekly and annual) - load factor - diversity factor. Importance of load forecasting and simple techniques of forecasting. An overview of power system operation and control and the role of computers in the implementation. (Qualitative treatment with block diagram).
2. REAL POWER - FREQUENCY CONTROL                                                         9 
Basics of speed governing mechanism and modeling - speed-load characteristics – load sharing between two synchronous machines in parallel. Control area concept LFC control of a single-area system. Static and dynamic analysis of uncontrolled and controlled cases. Integration of economic dispatch control with LFC. Two-area system – modeling - static analysis of uncontrolled case - tie line with frequency bias control of two-area system - state variable model.
3.      REACTIVE POWER – VOLTAGE CONTROL  


                                9 
Basics of reactive power control. Excitation systems – modeling. Static and dynamic analysis - stability compensation - generation and absorption of reactive power. Relation between voltage, power and reactive power at a node - method of 
voltage control – tap-changing transformer. 


System level control using generator voltage magnitude setting, tap setting of OLTC transformer and MVAR injection of switched capacitors to maintain acceptable voltage profile and to minimize transmission loss.

4.      UNIT COMMITMENT AND ECONOMIC DISPATCH                                               9 


Statement of economic dispatch problem – cost of generation – incremental cost curve - co-ordination equations without loss and with loss, solution by direct method and λ-iteration method.  (No derivation of loss coefficients).


Statement of Unit Commitment problem – constraints; spinning reserve, thermal unit constraints, hydro constraints, fuel constraints and other constraints. Solution methods - Priority-list methods - forward dynamic programming approach. Numerical problems only in priority-list method using full-load average production cost.  

5.      COMPUTER CONTROL OF POWER SYSTEMS 
                                            9  
Need of computer control of power systems. Concept of energy control centre (or) 
load dispatch centre and the functions - system monitoring - data acquisition and control. System hardware configuration – SCADA and EMS functions. Network topology - state estimation - security analysis and control. Various operating states (Normal, alert, emergency, in-extremis and restorative). State transition diagram showing various state transitions and control strategies.
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UNIT –I

INTRODUCTION

PART-A

1. Define load factor.

2. What is load curve and load duration curve?
3. Differentiate hot reserve and cold reserve.

4. Define load curve.

5. Why is load forecasting necessary in power system?

6. Define Economic load dispatch.

7. What is the need for voltage regulation in power systems?
8. List the advantages of multi-area operation.
9. What is the need for load forecasting?

10. Define demand factor.

PART –B
1. A generating station has the following daily load cycle:
	Time (hours)
	0-6
	6-10
	10-12
	12-16
	16-20
	20-24

	Load (KW)
	20
	25
	30
	25
	35
	20


             Draw the load curve and load duration curve and find

(i) Maximum demand

(ii) Units generated per day

(iii) Average load

(iv) Load factor.







   (16)
2. Consider an inductive Load of type Z=R+jX

(i) By how percent will the real load drop if the voltage is reduced by 5%.

(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? 



   (16)
3. A generating station has the following daily load cycle:
	Time in hours
	0-6
	6-8
	8-12
	12-14
	14-18
	18-20
	20-24

	Load in KW
	4500
	3500
	7500
	2000
	8000
	2500
	5000


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

            the capacity of the plant is 12MW.





               (16)

4. Explain  about the following,

(i) Governor control

(ii) Load Frequency Control

(iii) Economic dispatch control

(iv) Security control.





               (16)

5. A generating station supplies four feeders with maximum demand of 16, 10, 12 and 7 MW respectively. The overall maximum demand on the station is 20 MW and the annual load factor is 45%. Calculate the diversity factor and the number of units generated annually.








   (16)
6. Write Short notes on :

(i) Reserve requirement

(ii) Load forecasting.






   (16)
UNIT –II

REAL POWER-FREQUENCY CONTROL

PART-A
1. What is the frequency regulation?
2. Define control area error.

3. What is the basic operation in pool operation?

4. How to define control area?

5. How the frequency in the power system controlled?

6. What do you understand by tie-line control?

7. What do you understand by coherent group of generators?

8. A speed governor system cannot completely eliminate frequency error caused by a step load change in a power system. Justify this statement.

9. Compare the functions of  “Speed Governor” and “Speed Changer” of a turbine-generator set.

10. State the difference between P-f and Q - |V|.
PART –B
1. (i)   Using a simplified functional diagram explain the operating futures of a speed 

             governing system.







     (8)

      (ii)  Develop a linear mathematical model of a speed governing system.

     (8)

2.   (i)   Explain the principle, involved in tie line frequency control in case of two area

             system.









     (8)

      (ii)  Explain the tie line bias control of two area system.



     (8)

3. Derive the expression for steady state frequency change foe a single area system with the following cases.
(i) Changes in load demand with fixed speed.

(ii) Changes in speed with fixed demand.




   (16)

4. Derive the block diagram of two area load frequency control and also obtain the steady state frequency drop equation.





               (16)

5. Explain the basic concept of speed governing system with schematic diagram and derive the transfer function relating speed and power.




   (16)

6. A power system has a total load of 1260 MW at 50 Hz. The load varies 1.5% for every change in frequency (D = 1.5). Find the steady state frequency deviation when a 60 MW load is suddenly tripped, if there is no speed control.




   (16)
UNIT –III

REACTIVE POWER –VOLTAGE CONTROL

PART A
1. What are the ways in which reactive power affects power system?

2. When is tap changing affected?

3. Name the methods of voltage control in power system network.

4. What is the use of off-load tap changer?

5. Why is excitation control necessary in an alternator?

6. Explain OLTC transformer.

7. What are the various functions of excitation system?
8. What is meant by stability compensation?

9. What is the need for compensator in the AVR loop?

10. What is SVC?
PART –B
1. Explain the different methods of working of tap changing transformer.

   (16)

2. Explain the

(i) Tap setting of OLTC transformer

(ii) MVAR injection of switching capacitors.



               (16)

3. Discuss briefly about the static and dynamic performance of AVR loop.

   (16)

4. (i) Explain how the synchronous condenser and series capacitors are used for voltage control.









     (8)
(ii) Discuss shortly about generation and absorption of reactive power.

     (8)
5. With a neat functional block diagram, explain a typical excitation control system for a large synchronous generator.







   (16)

6. Derive the expression for real and reactive in terms node voltage of a lossless transmission system.








   (16)
UNIT –IV

UNIT COMMITMENT AND ECONOMIC DISPATCH CONTROL

PART-A
1. What are minimum uptime and minimum down time unit constraints?
2. What is incremental cost curve and how is it found?

3. What are the assumptions are made for performing dynamic programming approach?

4. Give the names of hydro constraints.
5. State unit commitment problem.

6. Write the Lagrangian equation of economic load dispatch and write the condition for optimum. 

7. Draw incremental cost curve for a thermal plant.

8. What are the base point and participation factors with respect to economic load dispatch

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

10. Write the condition for the optimal power dispatch in a lossless system.

PART –B
1. (i)  Explain the three types of spinning reserve.




     (8)

(ii) Explain the different thermal unit constraints and hydro constraints.

     (8)

2. Explain priority list method using full load average production cost. State the merits and

3. demerits.









   (16)
4. Write the step by step procedure of solving economic dispatch problem by λ iteration method. 









   (16)

5. Discuss the priority method to solve the unit commitment problem in a power system with a neat flow chart.







               (16)

6. Explain the lambda iteration method of finding the economic dispatch of power system.

7. Consider the following fuel cost of the three units.
F1=750+6.49 PG1+0.0035P2
F2=870+5.75 PG2+0.0015P2
F3=620+8.56 PG3+0.001P2

Using the priority list method obtain the unit commitment schedule for the total system

            demand of 900 MW.

            Take limits on the generators as :



150  ≤  P1 ≤  600 MW ;



100  ≤  P2 ≤  400 MW ;



  50  ≤  P3 ≤  200 MW.
UNIT –V

COMPUTER CONTROL OF POWER SYSTEMS

PART-A
1. What are the functions of SCADA? 
2. What is the importance of state estimation in power system?

3. Mention the hierarchical level used in EMS.

4. What are the three major functions of system security?

5. What are the main functions of a control centre?

6. Define power system security.

7. Define state estimation.

8. What is EMS? What are the major functions of it?
9. List the factors that affect the power system security.

10. What are the different operating states of a power system?

PART –B

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

            fundamental block diagram. 






               (16)
2. (i)  Explain the various controls for secure operation of power system.

     (8)

(ii) Explain the monitoring and control of system states briefly.


     (8)

3. Discuss briefly about the various function of energy control centre.


   (16)

4. Draw the state transition diagram of operating states of a power system and also explain how the state transition takes place between each states.



   (16)

5. What are the various operating states in power system security; explain in brief.
   (16)

6. Write short notes on

(i) Energy management system

(ii) State estimation







   (16)
