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AIM

Learning how to apply the electronic devices for conversion, control and conditioning of electronic power. 
OBJECTIVES

· To get an overview of different types of power semi-conductor devices and their switching characteristics.

· To understand the operation, characteristics and performance parameters of controlled rectifiers.

· To study the operation, switching techniques and basic topologies of DC-DC switching regulators.

· To learn the different modulation techniques of pulse width modulated inverters and to understand the harmonic reduction methods.

· To study the operation of AC voltage controller and Matrix converters.

· To study  simple applications 

1. POWER SEMI-CONDUCTOR DEVICES                                                                        9

Study of switching devices, - Frame, Driver and snubber circuit of SCR, TRIAC,  

BJT, IGBT,  MOSFET,- Turn-on and turn-off characteristics, switching losses, Commutation  circuits for SCR, 

2.         PHASE-CONTROLLED CONVERTERS                                                                          9

2-pulse, 3-pulse and 6-pulse converters – Effect of source inductance – performance parameters – Reactive power control of converters – Dual converters  -  Battery charger.

3.         DC TO DC CONVERTER                                                                                                    9

Step-down and step-up chopper - Time ratio control and current limit control –  Buck, boost, buck-boost   converter,  concept  of Resonant switching - SMPS.

4.         INVERTERS                                                                                                                          9

Single phase and three phase (both 1200 mode and 1800 mode) inverters - PWM techniques: Sinusoidal PWM, modified sinusoidal PWM -  multiple PWM – Introduction to space vector  modulations  - Voltage and harmonic control - Series resonant inverter - Current source inverter.

5.        AC TO AC CONVERTERS                                                                                                  9

Single phase AC voltage controllers – Multistage sequence control  - single and three  phase cycloconverters –Introduction to  Integral cycle control,  Power factor control  and  Matrix converters. 

                                                                                                  TOTAL: 45 PERIODS
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                            UNIT-1 ( POWER SEMI-CONDUCTOR DEVICES)




              PART-A

1. What is the function of snubber circuit?

2. What do you mean by load commutation

3. What do you mean by controlled switch?

4. What is the need of driver circuit? 

5. Why are IGBT becoming popular in their application to controlled converters?   *

6. What are the factors that influence the turn-off time of a thyristor?

7. Write the merits and demerits of MOSFET over BJT.

8. Distinguish between holding current and latching current of SCR *

9. Define the term pinch off voltage of MOSFET.

10. How a thyristor can be protected against excess dv/dt/

11. In TRIAC which of the modes the sensitivity of gate is high.

12. How SCR differs from TRIAC?

13. What is snubber circuit?

14. State the advantages of IGBT over MOSFET.

15. Draw the VI characteristics of Triac

16. What is commutation? What are the two main types of commutation?

17. Draw the VI characteristics of SCR and mark the holding current and latching current in the characteristic.

18. What are the advantages of GTO over BJT?

PART-B
1.  Explain the 3 basic types of Snubbers used with Transistor. Explain about the turn off snubber of a transistor.

2. Explain the process of complementary commutation with necessary waveforms and equations.

3. (i) Explain optocoupler isolated drive circuits (8)

(ii) Explain the switching characteristics of IGBT (8)

4. (i)Explain the process of load commutation in detail (8)
(ii)Explain the need for electrically isolated drive circuits (8)

5. (i) Explain the principle of operation and draw the chacteristics of MOSFET.
 (8)

(ii)Discuss the different modes of operation of thyristor with the help of its static V-I characteristics.

6. (i) Draw and explain the two transistor model of a SCR. Using this model describe the various
mechanisms of turning on a thyristor.

(8)

(ii)Explain the turn off characteristics of a GTO.


            (8)

     7. Discuss the transfer, output and switching characteristics of power MOSFET.
     8. Explain the switching performance of BJT with relevant waveforms indicating clearly the turn-on, turn-off times and their components. Also define the term Safe Operating Area.
UNIT II (PHASE-CONTROLLED CONVERTERS) 

PART-A 
1. List out the drawbacks of phase controlled converters.

2. Write any two applications of dual converters

3. What do you mean by 6 pulse converter?

4. Define displacement angle and THD.  *

5. What are the basic requirements for the successful firing of thyristor?   *

6. Why is power factor of semi converter better than full converter?   *

7. What are the effects of source inductance on rectifiers?

8. Define ripple factor and Displacement factor.    * 

9. What is the effect of source inductance on the performance of converters?  *

10. Under what conditions a single phase fully controlled converter gets operated as an inverter.
11. The average output of a single phase semi converter is 60 % of the maximum possible output. Find the firing angle of the converter.

12. Define: Distortion factor.

13. What is the inversion mode of rectifiers?

14. Write the expression for output dc voltage in a single phase fully controlled converter.

15. Define the term “Ripple factor”.

16. What is full converter? What is dual converter?

17. What is the function of freewheeling diode in semi converter?  *

18.  State the principle of phase control in AC-DC converters.
PART-B
      1. (i) A single phase full converter feeds to RLE load with R=6 ohm, L=6mH and E=60V. The source is 230 V,50 Hz.for continuous conduction, find the average value of load current for a firing angle delay of 50 degree. In case one of the four SCR’s get open circuited due to a fault, find the new value of average load current taking the output current as continuous. Sketch wave form for the new output voltage and indicate the conduction of various SCR’s.

(8)

 (ii) Explain the function of battery charger with neat sketch.
(8)

2. Explain the 3 phase semi converter operates both as 3 pulse and 6 pulse converter

3. Explain the effect of source inductance on the performance of 1phase fully controlled converter. 

4.(i) A single phase full converter is supplied from 230V, 50Hz Source. The load consists of 

R=10ohm and a large inductance so as to render the load current constant. For a firing angle delay of 30degree, determine:


(a) Average output voltage






(8)

(b) Average output current

(c) Average and rms values of thyristor currents and

(d) The power factor.

 (ii) Explain the working of 6 pulse converter in continuous conduction mode
(8)

5.  (i) A highly inductive load, such that load current can be assumed constant, is to be supplied from a 230 V, 50 Hz, single phase supply by a fully controlled and a half controlled bridges. Compare the average load voltage provided by each bridge at a firing angle of 30 degree.
       (8)

   (ii) Explain the operation of three phase, half wave controlled converter with resistive load. Sketch the associated waveforms also.






(8)

6. A two pulse single phase bridge converter is connected to RLE load. Source voltage is 230 V, 50 Hz. Average load current of 10 Amps is continuous over the working range. For R= 0.4ohm and L=2mH.Compute

(i) Firing angle delay for E= 120V

(ii) Firing angle delay for E= -120V

Indicate which source is delivering power to load in parts (i) and (ii)

7. (i) Explain using a diagram a working of a 3-phade full converter.


(12)

    (ii) Derive an expression for its average output voltage




(4)

UNIT III- (DC TO DC CONVERTER)

 

PART-A

1. What is the principle of operation of step up chopper?

2. What are the advantages of resonant switching converters?

3. Mention any two advantages of chopper fed DC drives.

4. Write any advantages of SMPS over regulated power supply.

5. What are the schemes to control the average value of output voltage in choppers?

6. Draw the four quadrant chopper circuit.

7. What is current limit control of a dc chopper? *

8. A step up chopper has input voltage of 220V, output voltage of 660 V. If the non-conducting time of the thyristor- chopper is 100 us. Compute the pulse width of output voltage. *

9. What are the classifications of dc converters depending upon the directions of current and voltage?

10. Mention the disadvantages of the voltage commutated chopper.

11. What is buck converter?

12. What is meant by SMPS?

13. What do you meant by integral cycle control?

14. Why buck – boost regulator is named as inverting regulator?

15. What is the need for a filter at the output of a step up dc converter?

16. What is meant by time ratio control in dc –dc converters?

17. Define the term duty cycle in DC-DC converters.
18. What is a DC chopper?





            PART-B

1.(i) Explain the  working principle of sep up chopper in detail



(8)

  (ii)  A step up chopper has input voltage of 220V, output voltage of 660 V. If the non-conducting time of the thyristor- chopper is 100 us. Compute the pulse width of output voltage. In case output- voltage pulse width is halved for constant frequency operation, find the average value of new output voltage.








(8)

2. (i) Explain the operation of Buck-boost converter in detail.



(10)

(ii) Explain the operation of SMPS







(6)

3. (i) Explain the differnt control strategies of chopper. *




(8)

 (ii) For a type- A chopper, dc source voltage=230V, load resistance = 10 ohm. Take a voltage drop of 2V across chopper when it is on. For a duty cycle of 0.4, calculate:
*


(i) Average and rms values of output voltage and


(ii) Chopper frequency.

4. (i) Explain the working of boost converter with necessary waveforms and equation.  
(10)

  (ii)  Explain the concepts of resonant switching




            (6)



5.(i) Discuss the principle of operation of Dc-Dc step down chopper with suitable waveforms. Derive an expression for its average DC output voltage. *

                                     (8)


  (ii) 
A step down chopper  dc source voltage=230V, load resistance = 10 ohm. Take a voltage drop of 2V across chopper when it is on. For a duty cycle of 0.5, calculate:
*


(i) Average and rms values of output voltage and


(ii) Power delivered to the load




                         (8)

6. (i) How is the two quadrant operation achieved in a chopper?



(8)

(ii) Discuss the need for resonant switching in SMPS.




(8)

7. Classify the basic topologies of switching regulators and explain the operation of buck regulators with continuous load current using suitable waveforms.*

8. Draw the circuit of buck regulator and explain its working principle with necessary waveforms. Derive the expression for peak topeak ripple voltage of the capacitor that is present across the load

UNIT-IV  (INVERTERS)





                   PART-A

1. Write any two points of comparison between VSI and CSI fed drives.

2. What is the maximum value of voltage transfer ratio could be obtained with sinusoidal PWM?

3. What are the adverse effects of harmonics?

4. Write down the advantages of Space vector modulation over sinusoidal PWM.

5. Why thyristors are not preferred in modern inverters? *

6. How are the frequency and magnitude of ac output current controlled in a current source inverter?

7. What are the limitations in basic series inverter?

8. What is VSI and CSI. **

9. State the merits of current source inverter over voltage source inverters.

10. Why is lower order harmonics eliminated in the output waveforms of an inverter?

11. List the various PWM techniques in inverter. How do they differ from each other?

12. List the advantages of multiple PWM over single PWM technique.

13. Mention the methods available for the output voltage control of inverters.

14. List the different types of PWM techniques.

15. Mention the difference between sinusoidal PWM and modified sinusoidal PWM techniques.

16. What is meant by multiple PWM?*

17. What is the role of displacement angle in harmonic elimination?

18. What are the advantages of frequency modulation scheme over the pulse width modulation scheme?

19.  Make a comparison between PWM and FM.

20. Define the term Inverter gain.




                 PART-B

1. Explain the operation of 3 phase inverter with 120 degree conduction mode with necessary waveforms and equations

2.(i) Explain the concept of multiple pulse width modulation. 


(8)

(ii) Explain about space vector modulation technique. 



(8)

3. Explain the operation of 3 phase inverter with 180 degree conduction mode with necessary waveforms and equations. *

4.(i) Explain sinusoidal pulse width modulation technique in detail. 

(8)

(ii) Explain the working of seriec resonant inverter. 




(8)

5. (i). Explain the operation of 3 phase inverter for 180 degree conduction mode and show the output voltage across any one phase with necessary equivalent circuits.*

(8)

(ii) Explain the single phase current source inverter with a neat circuit and waveform. 
(8)

6. Describe the working of single phase full bridge inverter. For different types of loads (i)R

(ii)RL (iii) RLC. Draw load voltage and load current waveforms.

7. With the aid of circuit diagram and relevant waveforms, explain the operation of a PWM

Converter. *

8. Explain, different methods of voltage control adopted in an inverter with suitable waveforms.

9. (i) Describe any one PWM technique used in inverter in detail.    (8)

   (ii) Explain the working principle of single phase current source inverter.

(8)  




UNIT-V (AC TO AC CONVERTERS)





PART-A

1. Write any two advantages of sequence control technique.

2. Write any two applications of Cycloconverters.

3. Why is the pulse gate triggering is not suitable for AC voltage controller with RL load?

4. Mention the advantages of matrix converter over AC-DC-AC converters.

5. What is meant by sequence control of ac voltage controllers?

6. Name the various configurations of UPS. *

7. How is circulating current eliminated in a single phase cycloconverter?

8. Mention the advantage and disadvantage of three phase to three phase bridge cycloconverter. *

9. List the merits and demerits of ac voltage controller.

10. What is meant by integral cycle control?

11. For a single phase AC regulator, justify how pulse gating is suitable for R load and not for RL load.

12. What are the different types AC voltage controllers?

13. What is an AC voltage controller?

14. Where are cyclo converters used?

15. Name the various configurations of UPS.






PART-B

1. (i) Explain integral cycle control in detail. 


(8)

   (ii) A single phase half wave AC voltage controller feeds a load R=20 ohm with an input voltage of 230V,50Hz. Firing angle of thyristor is 45 degree. Determine
*
(8)


(a) Rms value of output voltage.


(b) Power delivered to load and input power factor.


(c) Average input current. 

2. Explain 3 phase-3 phase cycloconverter operation employing three phase half wave circuits with a neat circuit and waveform and equation and list few of its applications.  *

3. (i) A single phase full- wave AC voltage controllers feeds of R=20 ohm with an input voltage of 230V,50Hz. Firing angle for both the  thyristors is 45 degree. Determine
*
(8)


(a) Rms value of output voltage.


(b)Load power and input p.f


(c) Average and rms current of thyristors.

  (ii) Explain the operation of multistage sequence control of AC voltage controllers in detail.

4.  (i) A six pulse cyclo converter, fed from 3 phase 400 V,50 Hz source,is delivering load current of 40 A to a single phase resistive load. The source has an inductance of 1.2 mH per phase. Calculate the rms value of load voltages for firing angle delays of 



(i)0 degree and






(8)

(ii) 30 degree

    (ii) Explain single phase step up cyclo converter operation in detail

(8)

5. Explain the operation of on- line and off-line UPS in detail.    *

6. Explain 3 phase-1 phase cycloconverter operation with a neat circuit and waveform and equation.  *

7. With aid of circuit diagram and waveform explain the operation of 


(i) Single phase unidirectional controller


(ii) Single phase biidirectional controller derive the expressions for their rms output voltage.

8. (i) Explain the operation of single phase controller with inductive load 
(8)

   (ii)What are step up and step down cycloconverter.    (8)

9. Describe the operating principle of single phase to single phase step up cycloconverter.  
List the factors that affect the performance of cycloconverter.

10. (i) Draw and explain the single phase  AC voltage regulator with ‘R’ load.
(8)

  (ii) With the circuit and waveform explain how the single phase voltage is synthesized from 3 phase supply.









(8)
