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DEPARTMENT OF ELECTRICAL AND ELECTRONICS ENGINEERING 

COURSE MATERIAL 

 

EE305 : POWER ELECTRONICS 

 

VISION OF THE INSTITUTION 

 

 

To mould true citizens who are millennium leaders and catalysts of change through excellence in 

education. 

 

  

MISSION OF THE INSTITUTION 

 

 

NCERC is committed to transform itself into a center of excellence in Learning and Research in 

Engineering and Frontier Technology and to impart quality education to mould technically 

competent citizens with moral integrity, social commitment and ethical values. 

  

We intend to facilitate our students to assimilate the latest technological know-how and to 

imbibe discipline, culture and spiritually, and to mould them in to technological giants, dedicated 

research scientists and intellectual leaders of the country who can spread the beams of light and 

happiness among the poor and the underprivileged. 
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 ABOUT DEPARTMENT 

 Established in: 2006 

 Course offered: B.Tech Electrical and Electronics Engineering 

 Approved by AICTE New Delhi and Accredited by NAAC 

 Affiliated to the University of Dr. A P J Abdul Kalam Technological University. 

 

DEPARTMENT VISION 

To excel in technical education and research in the field of Electrical & Electronics Engineering 

by imparting innovative engineering theories, concepts and practices to improve the production 

and utilization of power and energy for the betterment of the Nation. 

 

DEPARTMENT MISSION 

1. To offer quality education in Electrical and Electronics Engineering and prepare the 

students for professional career and higher studies. 

2. To create research collaboration with industries for gaining knowledge about real-time 

problems. 

3. To prepare students with sound technical knowledge. 

4. To make students socially responsible. 

 

PROGRAM OUTCOME (PO’S) 

Engineering Graduates will be able to: 

PO 1. Engineering knowledge: Apply the knowledge of mathematics, science, engineering 

fundamentals, and an engineering specialization to the solution of complex engineering 

problems. 

PO 2. Problem analysis: Identify, formulate, review research literature, and analyze complex 
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engineering problems reaching substantiated conclusions using first principles of mathematics, 

natural sciences, and engineering sciences. 

PO 3. Design/development of solutions: Design solutions for complex engineering problems 

and design system components or processes that meet the specified needs with appropriate 

consideration for the public health and safety, and the cultural, societal, and environmental 

considerations. 

PO 4. Conduct investigations of complex problems: Use research-based knowledge and 

research methods including design of experiments, analysis and interpretation of data, and 

synthesis of the information to provide valid conclusions. 

PO 5. Modern tool usage: Create, select, and apply appropriate techniques, resources, and 

modern engineering and IT tools including prediction and modeling to complex engineering 

activities with an understanding of the limitations. 

PO 6. The engineer and society: Apply reasoning informed by the contextual knowledge to 

assess societal, health, safety, legal and cultural issues and the consequent responsibilities 

relevant to the professional engineering practice. 

PO 7. Environment and sustainability: Understand the impact of the professional engineering 

solutions in societal and environmental contexts, and demonstrate the knowledge of, and need 

for sustainable development. 

PO 8. Ethics: Apply ethical principles and commit to professional ethics and responsibilities and 

norms of the engineering practice. 

PO 9. Individual and team work: Function effectively as an individual, and as a member or 

leader in diverse teams, and in multidisciplinary settings. 

PO 10. Communication: Communicate effectively on complex engineering activities with the 

engineering community and with society at large, such as, being able to comprehend and write 

effective reports and design documentation, make effective presentations, and give and receive 

clear instructions. 
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PO 11. Project management and finance: Demonstrate knowledge and understanding of the 

engineering and management principles and apply these to one’s own work, as a member and 

leader in a team, to manage projects and in multidisciplinary environments. 

PO 12. Life-long learning: Recognize the need for, and have the preparation and ability to 

engage in independent and life-long learning in the broadest context of technological change. 

 

PROGRAM SPECIFIC OUTCOME(PSO’S) 

 

1. Apply Science, Engineering, Mathematics through differential and Integral Calculus, 

Complex Variables to solve Electrical Engineering Problems. 

 

2.  Demonstrate proficiency in the use of software and hardware to be required to practice 

electrical engineering profession. 

 

3. Apply the knowledge of Ethical and Management principles required to work in a team 

as well as to lead a team. 
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COURSE OUTCOME 

After the completion of the course the student will be able  

CO 1 To understand the different types of power semiconductor devices and their switching 

characteristics 

CO 2 To understand the operation and characteristics of various types of single phase 

rectifiers 

CO 3 To understand the operation and characteristics of various types of three phase 

rectifiers and Dual converters 

CO 4 To understand the operation and characteristics of various types of Inverters 

CO 5 To understand the operation and characteristics of various types of AC Voltage 

converters 

CO 6 To understand the operation and characteristics of various types of DC-DC 

converters 

 

 

 

 

 

CO VS PO’S AND PSO’S MAPPING 

 

CO PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 PO11 PO12 
PSO

1 

PSO

2 

PSO

3 

CO 1 3 3 2 2 - - - - - - - 2 2 2 2 

CO 2 3 3 2 2 - - - - - - - 2 2 2 2 

CO 3 3 3 2 2 - - - - - - - 2 2 2 2 

CO 4 3 3 2 2 - - - - - - - 2 2 2 2 

CO 5 3 3 2 2 - - - - - - - 2 2 2 2 

CO 6 3 3 2 2 - - - - - - - 2 2 2 2 

 

Note: H-Highly correlated=3, M-Medium correlated=2, L-Less correlated=1 
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SYLLABUS 
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QUESTION BANK 

 

MODULE 1 
Part A  
1. What is meant by light triggering?  

2. Make a comparison between SCR, MOSFET and IGBT  

3. Mention the turn-on methods employed in SCR.  

4. Define latching and holding current in SCR with the help of its VI 
characteristics.  

5. With neat sketch explain the structure and operation of Thyristor.  

6. Compare between SCR and MOSFET  

7. Illustrate the Two Transistor analogy of SCR.  

8. Make a comparison between Thyristor and Power Diode.  
 
PART B  
1. Explain the structure and operation of MOSFET.  

2. Derive the two transistor analogy of an SCR.  

3. With necessary diagrams explain the switching characteristics of Power 
Diode.  

4. With necessary diagrams explain the series and parallel operation of SCR.  

5. With necessary diagrams explain the switching characteristics of SCR.  

6. With neat sketch explain the operation of GTO.  

7. Derive the two transistor analogy of GTO.  

8. With neat sketch explain the operation of TRIAC.  

9. Explain the structure and operation of IGBT.  
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MODULE 2 
PART A  
1. Discuss Commutation of an SCR. Classify its different methods.  

2. Make a comparison between single phase midpoint and bridge rectifier.  

3. Derive the output equation of single phase fully controlled rectifier with RL 
load.  

4. Derive the output equation of single phase fully controlled rectifier with R 
load.  

5. Give a brief note on optocoupler.  

6. Derive the output equation of single phase half wave controlled rectifier 
with RL load.  

7. Draw the circuit diagram of two types of single phase semiconverter.  

8. Discuss the turn-off methods employed in SCR.  

9. Derive the average and RMS output voltage of single phase half-wave 
controlled rectifier with RL load.  

10. Explain the operation of single phase half wave controlled rectifier with RL 
load.  

11. Derive the average and RMS output voltage of single phase half controlled 
rectifier with RL load.  
 
PART B  
1. Explain single phase fully controlled rectifier with R load.  

2. Make an analysis of single phase half wave controlled rectifier with R load.  

3. Explain single phase semiconverter with RL load.  

4. Explain forced commutation technique employed in SCR.  

5. With neat sketch explain the UJT triggering of SCR.  

6. With neat sketch explain the R and RC triggering of SCR.  

7. With neat sketch explain the resistance triggering of SCR.  

8. With neat sketch explain the resistance-capacitance triggering of SCR.  
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9. Explain the operation of single phase fully controlled rectifier with RL load 
for both continuous and discontinuous modes of operation.  

10. Make a comparison between single phase half controlled and fully 
controlled rectifier.  

11. Explain the operation of single phase fully controlled rectifier with R load 
with a firing angle of 60 and 120 degrees.  
 

MODULE 3 
PART A  
1. Draw the circuit diagram of three phase half wave rectifier with R load.  

2. Derive the output equation of three phase fully controlled rectifier with RL 
load.  

3. Derive the output equation of three phase fully controlled rectifier with R 
load.  

4. Derive the output equation of three phase fully controlled rectifier with RL 
load.  

5. Design a converter that works in all four quadrants.  
 
PART B  
1. Explain three phase fully controlled rectifier with R load.  

2. Make an analysis of three phase half wave controlled rectifier with R load.  

3. Explain three phase fully controlled rectifier with RL load for both 
continuous and discontinuous mode of operation.  

4. Explain three phase semiconverter with RL load.  

5. Explain three phase dual converter with both circulating and non-
circulating mode of operation.  

6. Explain four quadrant operation of single phase converter with both 
circulating and non-circulating mode of operation.  
 

MODULE 4 
PART A  
1. Explain the operation of Half bridge inverter with R Load.  

2. Explain the operation of Half bridge inverter with RL Load.  

3. Explain the operation of Full bridge inverter with R Load.  
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4. Explain the operation of Full bridge inverter with RL Load.  
 

PART B 
1. Explain the operation of Current Source inverter  

2. Illustrate the operation of a 3-phase bridge inverter operating in 180° 
conduction mode with output line voltage and phase voltage waveforms. 
Derive expressions for output line voltage and phase voltage.  

3. Illustrate the operation of a 3-phase bridge inverter operating in 120° 
conduction mode with output line voltage and phase voltage waveforms. 
Derive expressions for output line voltage and phase voltage.  
 

MODULE 5 
PART A  
1. Explain the control strategy employed for a AC voltage controller.  

1. For a single phase ACVC with source voltage as , and load as , draw the 
output voltage and current waveforms if Thyristor firing angle is (i) α=30° (ii) 
α=90°.  

2. Derive the output equation of full wave AC voltage controller with R load.  

3. Derive the output equation of full wave AC voltage controller with RL load.  

4. Explain the various methods of voltage control in single phase inverters.  

5. What do you mean by PWM? Discuss the advantages and disadvantages.  

6. Define the terms amplitude modulation index and frequency modulation 
index.  
 
PART B  
7. Design the full wave AC voltage controller with R load.  

8. Explain the operation of full wave AC voltage controller with RL load.  

9. Explain half wave AC voltage controller with R load.  

10. Explain Sequence control of AC voltage controller.  

11. What is meant by Pulse Width Modulation? Describe the various PWM 
techniques used in Voltage control of Inverters.  
 

MODULE 6 
PART A  
1. Explain the control strategy employed for a Chopper.  

2. With neat sketch explain the Type A Chopper.  
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3. With neat sketch explain the Type B Chopper.  

4. With neat sketch explain the Type C Chopper.  

5. With neat sketch explain the Type D Chopper.  

6. In a step down chopper the dc input voltage is of 100V. The MOSFET switch 
is having a switching frequency of 2kHz. Find the duty cycle and average dc 
output voltage if the turn on period of switch is 0.2ms.  

7. A step up chopper has input voltage of 220V and output voltage of 400 V. If 
the conducting time of the switch is 100 μs, Compute the pulse width of 
output voltage.  
 
PART B  
1. Design a chopper that works in all four quadrants.  

2. With neat sketch explain the Step down Chopper.  

3. With neat sketch explain the Step up Chopper.  

4. With circuit diagram and waveforms, describe the operation of a buck-boost 
converter. Derive expressions for output dc voltage and the design equations 
for filter inductor & capacitor.  

5. With circuit diagram and waveforms, describe the operation of a buck 
converter. Derive expressions for output dc voltage and the design equations 
for filter inductor & capacitor.  

6. With circuit diagram and waveforms, describe the operation of a boost 
converter. Derive expressions for output dc voltage and the design equations 
for filter inductor & capacitor.  
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Icuje* a i*fe *T

* ^2 l^dm^r) &£ yn~ \<*£t&>
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-$vui V̂udu)S a/v̂ . ~̂/%t °)&C> ĉ 2p€n̂ £ On 2>am£ Ô .}*
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toWV) §tekrvu  ̂ 4W ôckXÂ  C«pA>il̂  o \ ^  3«kg.

•x On o$]0) h>'icU- 0̂  &ubs>Wk. 5 cl rv\S&\ )a<ĵ  ti 
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&& oô  op̂ A ?»tô A cio 4W ^ ôilocl?̂ . Hocking 'n̂ )̂̂ <

3ofctOOft3~ CoySx̂ I ô  "Mock •
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j*A l<£ge CAî aMt a^cCateS coXb V̂ r. gives 'fe

loiisei in se n  O&com^g \n ■#* 4  ^
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UUaoŜ Xcj \xY\jt Yl)GiM)kg *&CoN<2Vj ~£kuL



' X hsitGiQMj ~Uw£ , c&&uM uo 4hg, OcAê , ip-
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•YqW , g<Si tû yiê .-on a>o2t &uxVi Sdls, axe called

JLtoU ActvabSi
I

TeropmWc IWcjgexi/ixj :
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^r)W Ĉoĉ pV ô  &£p, apexateoo Can W explain/̂ . lorJft
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loyeag.

* ^  Cfir&koo J opsa&a in c^uA^ant

Ojn̂ l. ^Amce U mo^. &eyy£\is/e.

t’O i^J^osltve J^ut Cr cs rû ajUve
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*  A& &C>Or) <X& Cl ŶTVu Ll V \^ oLlV£ t09,V V l l i ,  CuXM î
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, ÔX Gl> Q.v

aW>,
£ c>- *,<Lj£i >

- ©

- ©

*()Un-e£f 7̂UjC£̂  A irkaU l bej ^ply,n<j nogaXi'/e Qtfct

Cusssj^l Qy
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aako aooct cca%̂ :

C/ro.

gdrfe OMiUlt i>«

b e I ~tuAY)'Of-S- 0 C ^ 9 .



MODULE II 
 

 

 



M

S e t

£ub AW ®  i  ©  , to -l$u&

=  < * & ,  + s c&01 ■+ 4 * E 2  *  w

2a = d,2a + < W  + *&*. + 2eao, O ^  (S3 .

2 a  r c K ^ ^ - v  £ t 6 o , +  ^ C 3 a ^ A ? c 6 o a  [ > « w © J

3 a . -  » t , 2 4  + 2 c b o \ - v o < i ' ^ - ' ' -  “̂ S  • " ' i c e . o i

3 a - ° < v 2  a-̂x̂-o.-  +  2 cfc01 - ♦  f f c f e o a

2 a  [ l -<&, + ° o ]  = + ^ 6o'^ IcE>oi

r  _  o C z l q - V  S c f e c '  ^ c f c a !  _ 0

) -  c<*.+*0

* W  ^  ©  , toa ^  wVm =

4Wm u> no cmfacfro'0 <% S e n .

^ W i  0 < 1 +  ^ V i ) 2 a ^ i i  ' . ^ n d f l O ; ^  
A W  s e n  ca-,11 W a n . e w  u r f f t  x w ll 9 ^
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rj)0\rft & CÂ eS- 9eAk.- ?oVft.

Ye = ^V^-vYd QcW .^  t y  varying ftE dŷ l
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lA©

iSf

©-

H

a V

Ui

©-

ji

it- SWfp 
Suu6|l *J

5K

T/,

H

^-L

n ̂-Z 
J —

r/kK,

'Hr̂'S" ">(.
Q° VODM J - -X - or
v 7 wk °K ' i>



totc oc \ o ^

(j - ''pmenX

SC9. yioyv

Cjt c fjb X© -2-7T*

X-- o
Jo

>L -
\x>
iTH

'N̂ &ou>jfc ̂UoX

* \it>S -

r (cJdZoC-
%f\

- 0) 

V

XT>

* a,

Air L j

u> c W t0 ^

N&,-a+^

1 -V lA '
^T
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>g&NO*U>M <0 ^Q^^pcnodj T̂»ck>V * ;

£ios~°i <"=r,;*]I

iiQ CU'̂1̂3̂ ̂0̂ WXtfUiQ)̂

'°I> '•■

*p
7 " 0

: '3̂cr\M

°X=q3 ‘ *> =p

jj? ̂ v -£6 **|&]

W?3?-]** ^‘̂0-5;7\_0c] *($"¥v,?a*8"‘3K.= °\ '•

: t̂olm oôp'̂uox
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I V̂sInâL1
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?|ckW sftry
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•«$jg w\jp <to{ ŵfrwi-s "gw .09=70 o^o Kg.o ?(̂o'.\ckb

(ptf °X.*C£‘jO '°81 Ci!-0T:i =

(^'D TTirr̂ rG'i>^) o_̂ >? + 09 —

(^ag-p^UC^ % } (/Q^g^UO^) ^

•'^297-^04 rgf >g^cL 

n a"pA 7* qg^ .OCl °Sf -0?

v<4. Vi Tg^ P9 <T *\ 1^0*

• 70 r̂c? ?9TWK

#£> ^H9 0-7° UVV̂n 07 - lf° Cmôj ^vrrr̂rr^QO)
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SlovĈ £g, t*o '̂WPCj Kn̂pn̂AAop rjpqg 7Yd̂_| ^

• sb '£**> xb"b

|p ^ RxficoK ^

glf^o V ^ ̂OK -gx^Q T'iL*

■ SVa’jp^W ^̂o<g(XQ
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MODULE 4 
INVERTER 

 
Single Phase Voltage Source Inverter 

Single phase  voltage source inverter are classified into two types. They are 
1. Single phase Half bridge Inverter 
2. Single phase Full bridge Inverter 

 
Single Phase Half Bridge Inverter 

 In a single phase half bridge inverter, the gate signal ig1 & ig2 are applied to 

thyristor T1 and T2 respectively in order to turn it ON. 

 
 The T1 & T2 should not be turned ON at the same time because it will causes 

short circuit of the gate voltages. 

 This circuit consists of two thyristors T1 & T2, Two Diodes D1 & D2 and three wire 

DC supply Vs/2. 

 
 During the time 0 to T/2 thyristor T1 is turned ON by applying the gate signal ig1. 

The voltage across the resistive load is Vs/2 due to upper voltage source. 

 At t=T/2 Thyristor T1 is turn OFF by forced commutation and Thyristor T2 is 

turned ON. During the time T/2 to T. The voltage across the resistive load is (-

Vs/2). 

 The load voltage wave form is of amplitude Vs/2 and frequency of 1/T Hz. 



 For resistive load, output(load) voltage V0 and load current i0 are in phase with 

each other. 

 The diode D1 & D2 are connected in antiparallel with the Thyristor. These Diodes 

are active when Inductive load are used and it carries the current when thyristor 

are turned OFF. 

 

(i) The RMS output voltage 

 

 
(ii) The instantaneous output voltage is  
     VO = 0 

 
Single Phase Full Bridge Inverter 

R Load: 

 Now let us consider a single phase full bridge inverter with R load. 

 In a single phase full bridge inverter, the gate signal ig1 & ig2 are applied to 

thyristor T1T2 and T3T4 respectively in order to turn it ON. 

       
 Full bridge circuit consists of four Thyristor  T1, T2, T3 & T4 . 

 At t=0, T1 & T2 are forward biased and turned ON when gate pulse is applied. 

The voltage across the resistive load is positive(+Vs). Since the Load current is 

in-phase with load voltage the Io is also positive. 

 

VS – T1 – R – T2 - VS 

 



 At t=-T/2, T1 &T2 are turned OFF by forced commutation and Thyristor T3 & T4 

are turned ON. The voltage across the resistive load is negative(-Vs). Since the 

Load current is in-phase with load voltage the Io is also negative. 

 

VS – T3 – R – T4 - VS 

RL Load: 

 Now let us consider a single phase full bridge inverter with RL load. 

 In a single phase full bridge inverter, the gate signal ig1 & ig2 are applied to 

thyristor T1T2 and T3T4 respectively in order to turn it ON. 

 

 
 Full bridge circuit consists of four Thyristor  T1, T2, T3 & T4 and four Diodes D1, 

D2, D3 & D4. Before t=0 thyristor T3 and T4 are conducting and load current io is 

negative. 

 At t=0, Thyristor T3 & T4 are turned OFF and load current i0 should be positive. 

Due to Inductive load the load current Io cannot change its direction 

immediately. 

 After t=0 the diode D1 & D2 starts conducting the load current io flow against 

the supply voltage Vs. 

 At t=0, T1 & T2 will not turned ON because T1 & T2 are reverse biased by 

voltage across diode D1 & D2. 

 When current through D1 & D2 are falls to zero. T1 & T2 are forward biased and 

turned ON. Io becomes positive. 

VS – T1 – R - L – T2 - VS 

 

 At t=-T/2, T1 &T2 are OFF by forced commutation. Io cannot reverse direction 

immediately. D3 & D4 starts conducting after t=T/2, through T3 & T4 are gated 

will not turn ON. 

 The voltage drop across D3 & D4 are fall to zero, T3 & T4 are turned ON. Now 

load current io is negative. 

VS – T3 – L - R – T4 - VS 

 



 
 The rms output voltage(Vorms) is given by 

                                               
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



THREE PHASE INVERTER 
 
Three Phase Bridge Inverters: 

 For providing adjustable frequency power to industrial applications, three 

phase inverters are more common than single phase inverters. 

 A basic three phase inverter is a six step bridge inverter. It uses a minimum of 

six Thyristors. 

 In inverter terminology a step is defined as a change in the firing from one 

Thyristor to the next Thyristor in proper sequence.  

 For one cycle of 360° each step would be of 60° interval for a six step 

inverter. This means that Thyristor are gated at regular interval of 60° in 

proper sequence. 

 Thus three phase inverter are classified into two modes, namely 

1. 180° mode of operation 

2. 120° mode of operation  

 
 
180 DEGREE MODE OF OPERATON: 

 In this mode of operation, each SCR conducts for 180° of a cycle.  

 Thyristors pair in each arm (T1, T4); (T3, T6); (T5, T2) are turned ON with a 

time interval of 180. It means that T1 conducts for 180° and T4 for next 180° 

of a cycle.  

 Thyristors in the upper group, i.e.; T1, T3, T5 conduct at an interval of 120°. It 

implies that  

If,  

T1 is fired at wt = 0°,  

then, 

T3 must be fired at wt = 120°  

and 

T5 at wt = 240°.  

 Same is true for lower group of SCR’s T4, T6 and T2.  



 On the basis of this firing scheme, the table is prepared as shown. 

 

 
 

 In this table, first row shows that T1 from upper group conducts for 180°, T4 

for next 180° and then again T1 for 180° and so on.  

 In the second row, T3 from the upper group is shown to start conducting 120° 

after T1 starts conducting. After T3 conducts for 180°, T6 conduct for next 

180° and again T3 for next 180° and so on.  

 Further, in the third row, T5 from the upper group starts conducting 120° 

after T3 or 240° after T1. After T5 conducts for 180°, T2 conducts for next 180°, 

T5 for next 180 degrees and so on. In this manner the pattern of firing the 6 

SCR’s is identified.  

 The table shows that  

T5, T6, T1 should be gated for step 1;  

T6, T1, T2 for step 2;  



T1, T2, T3 for step 3;  

T2, T3, T4 for step 4 and so on. 

 

(Note: 561, 612, 123, 234, 345, 456,561,…….) 

 

 It is seen from table that in every step of 60° duration, only 3 SCR’s are 

conducting one from upper group and two from lower group or vice versa.  

 The circuit models for step 1 to 4 are shown in figure.  

 During step 1, Thyristors 5,6,1 are conducting. These are shown as closed 

switches and non-conducting SCR’s 2,3,4 are as open switches in figure.  

The load terminals a and c are connected to positive bus of dc source 

whereas terminal b is connected to the negative bus of dc source. 

The load voltage is Vab=Vcb=Vs in magnitude. The magnitude of line to 

neutral voltages can be obtained as follows. 

During step 1:  

 

 

 

 

 

 

 

 

During step 2: 

 

 

 

 

 

 

 

 

These output voltages are plotted in figure, in this manner, the variation of 

phase voltages Vao, Vbo, Vco, as obtained in figure up to step 4. And similarly for 

other steps, is plotted in figure. It is clear that for each cycle of output voltage of 

each phase six steps are required and each step has a duration of 60 degrees. 

The line voltage Vab= Vao-Vbo, Vbc= Vbo-Vco, Vca= Vco-Vao are plotted. 

 



 
 

120 DEGREE MODE OF OPERATON: 

 In this mode of operation, each SCR conducts for 180° of a cycle.  

 Thyristors pair in each arm (T1, T4); (T3, T6); (T5, T2) are turned ON with a 

time interval of 180. It means that T1 conducts for 180° and T4 for next 180° 

of a cycle.  

 Thyristors in the upper group, i.e.; T1, T3, T5 conduct at an interval of 120°. It 

implies that  

If,  

T1 is fired at wt = 0°,  

then, 

T3 must be fired at wt = 120°  

and 

T5 at wt = 240°.  

 Same is true for lower group of SCR’s T4, T6 and T2.  

 On the basis of this firing scheme, the table is prepared as shown. 

 



 
 

 In this table, first row shows that T1 from upper group conducts for 180°, T4 

for next 180° and then again T1 for 180° and so on.  

 In the second row, T3 from the upper group is shown to start conducting 120° 

after T1 starts conducting. After T3 conducts for 180°, T6 conduct for next 

180° and again T3 for next 180° and so on.  

 Further, in the third row, T5 from the upper group starts conducting 120° 

after T3 or 240° after T1. After T5 conducts for 180°, T2 conducts for next 180°, 

T5 for next 180 degrees and so on. In this manner the pattern of firing the 6 
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(Note: 561, 612, 123, 234, 345, 456,561,…….) 

 

 It is seen from table that in every step of 60° duration, only 3 SCR’s are 

conducting one from upper group and two from lower group or vice versa.  

 The circuit models for step 1 to 4 are shown in figure.  

 During step 1, Thyristors 5,6,1 are conducting. These are shown as closed 

switches and non-conducting SCR’s 2,3,4 are as open switches in figure.  

The load terminals a and c are connected to positive bus of dc source 

whereas terminal b is connected to the negative bus of dc source. 

The load voltage is Vab=Vcb=Vs in magnitude. The magnitude of line to 

neutral voltages can be obtained as follows. 
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During step 2: 

 

 

 

 

 

 

 

 

These output voltages are plotted in figure, in this manner, the variation of 

phase voltages Vao, Vbo, Vco, as obtained in figure up to step 4. And similarly for 

other steps, is plotted in figure. It is clear that for each cycle of output voltage of 

each phase six steps are required and each step has a duration of 60 degrees. 

The line voltage Vab= Vao-Vbo, Vbc= Vbo-Vco, Vca= Vco-Vao are plotted. 

 
 
 
 
 
 
 



 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



MODULE 5 

PWM Inverter :  

Types and Their Applications 

Pulse Width Modulated inverters(PWM inverter) replaced the older versions of 

inverters and has a wide range of applications. Practically these are used in the power 

electronics circuits. The inverters based on the PWM technology possess MOSFETs in 

the switching stage of the output. Most of the inverters available nowadays possess this 

PWM technology and are capable of producing ac voltage for varying magnitudes and 

frequencies. There are multiple protection and control circuits in these types of 

inverters. The implementation of PWM technology in the inverters makes it suitable and 

ideal for the distinct loads connected. 

What is a PWM Inverter? 

An inverter whose functionality depends upon the pulse width modulation technology 

is referred to as PWM inverters. These are capable of maintaining the output voltages as 

the rated voltages depending on the country irrespective of the type of load connected. 

This can be achieved by changing the switching frequency width at the oscillator. 

Circuit diagram of PWM inverter is given in the below diagram 

 

 

 

There are various circuits used in the PWM inverters. Some of them are listed below 

Battery Charging Current Sensor Circuit 

The purpose of this circuit is to sense the current utilized in charging the battery and 

maintain it at the rated value. It is important to avoid the fluctuations to protect the 

batteries’ shelf life. 



 

Battery Voltage Sensing Circuit 

This circuit is used to sense the voltage required to charge the battery when it is 

exhausted and begin trickle charging of the battery once it gets fully charged. 

AC Mains Sensing Circuit 

This circuit is to sense the availability of AC mains.  If it is available then the inverter 

will be in a state of charging and in the absence of mains the inverter will be in battery 

mode. 

Soft Start Circuit 

It is used to delay the charging for 8 to 10 seconds after resuming the power. It is to 

protect the MOSFETs from the high currents. This is also referred to as Mains delay. 

Change Over Circuit 

Based on the mains availability this circuit switches the operation of the inverter 

between the battery and the charging modes. 

Shut Down Circuit 

This circuit is to monitor the inverter closely and shut it down whenever any 

abnormality incurred. 

PWM Controller Circuit 

To regulate the voltage at the output this controller is used. The circuit needs to 

perform PWM operations are incorporated in the IC’s and these are present in this 

circuit. 

Battery Charging Circuit 

The process of charging a battery in the inverter is controlled by this circuit. The output 

generated by the sensing circuit of the mains and the sensor circuits of the battery is the 

inputs for this circuit. 

Oscillator Circuit 

This circuit is incorporated with the IC of PWM. It is used to generate the switching 

frequencies. 

Driver Circuit 

The output of the inverter gets driven by this circuit based on the switching signal of 

frequency generated.  It is similar to that of a preamplifier circuit. 



 

Output Section 

This output section comprises a step-up transformer and it is used to drive the load. 

Working Principle 

An inverter designing involves various topologies of power circuits and the methods to 

control the voltage. The most concentrated part of the inverter is its waveform 

generated at the output. For the purpose of filtering the waveform inductors and the 

capacitors are used. In order to reduce the harmonics from the output low pass filters 

are used. 

If the inverter possesses a fixed value of output frequencies resonant filters are used. 

For the adjustable frequencies at the output, filters are tuned above the maximum value 

of fundamental frequency. PWM technology changes the square wave characteristics. 

The pulses used for switching are modulated and regulated before it supplied to the 

connected load. When there is no requirement for voltage control fixed width of the 

pulse is used. 

PWM Inverter Types & Waveforms 

The technique of PWM in an inverter comprises of two signals. One signal is for the 

reference and the other will be the carrier. The pulse required for switching the mode of 

the inverter can be generated by the comparison among those two signals. There are 

various PWM techniques. 

Single Pulse Width Modulation (SPWM) 

For every half cycle, there is only one pulse available to control the technique. The 

square wave signal will be for reference and a triangular wave will be the carrier. The 

gate pulse generated will be the result of the comparison of the carrier and the 

reference signals. Higher harmonics is the major drawback of this technique. 

 

 

 



 

Multiple Pulse Width Modulation (MPWM) 

MPWM technique is used to overcome the drawback of SPWM. Instead of a single pulse, 

multiple pulses are used for every half cycle of the voltage at the output. The frequency 

at the output is controlled by controlling the frequency of the carrier. 

 

 

Sinusoidal Pulse Width Modulation 

In this type of PWM technique, instead of a square wave, a sine wave is used as a 

reference and the carrier will be a triangular wave. The sine wave will be the output and 

its RMS value of voltage is controlled by the modulation index. 

 

 

Modified Sinusoidal Pulse Width Modulation 

The carrier wave is applied for the first and the last sixty-degree interval per every half 

cycle. This modification is introduced to improve the harmonic characteristics. It 

decreases the loss due to switching and increases the fundamental component. 

 



 

Applications 

Most commonly PWM inverters are utilized in the speed AC drives where the speed of 

the drive is dependent on the variation in the frequency of the applied voltage. Majorly 

the circuits in power electronics can be controlled by using PWM signals. To generate 

the signals in analog form from digital devices like microcontrollers, the PWM technique 

is beneficial. Further, there are various applications where PWM technology is used in 

different circuits. 

 

Two stage sequence control AC voltage controller with R load: 

In this we will use set of thyristor connected antiparallel means we will use 

four thyristor in this circuit. The source voltage will provide the ac voltage 

which will consist of primary winding and secondary winding. The 

secondary winding will be center tapped the two winding will be mutual 

connected. The voltage from the one winding will be V1= Vm sin⁡ωt and 

voltage across second winding will 

V2=Vm sin⁡ωt 

The circuit is connected with the resistive load at output. 

 



 
Working: 

The thyristor T3 and T4 will only work when the ωt=0 means when the 

firing angle ⍺ will be equal to zero. The thyristor T1 and T2 will work when 

at particular angle the pulse is provide means there firing angle will be at 

certain phase. When we start the supply from the source voltage when 

positive cycle will occur and ωt=0 then thyristor 3 will conduct and the 

current will pass from thyristor 3. The voltage will be from the secondary 

winding V2 and the source current will flow from thyristor T3 when ⍺ will 

be equal to zero when the ωt will be equal to ⍺ then we will provide trigger 

pulse at the gate of T1 then thyristor 3 will off and thyristor one will 

conduct at this time then the voltage will be from V1+V2 and the source 

current will flow in T1. The wave will go in upward direction after trigger 

pulse. This is because first there is only one voltage which was V1 and now 

we have two voltages which are V1+V2 the complete secondary winding 

will work. 

When a negative cycle will come from the source the primary and lower 

secondary will start working the voltage will be V2 when we will provide 

trigger pulse at T4 it will start conducting. The output voltage will start in 

reverse direction and the ωt will be equal to π. The output current will be 

also in reverse direction. When a trigger pulse will be given at the gate of 

the T2 then the output voltage will be equal to V1+V2. 

https://i1.wp.com/www.electroniclinic.com/wp-content/uploads/2020/11/two-stage-sequence-control-voltage.jpg?ssl=1


 
Multistage sequence control of Voltage: 

The controller will be connected in multistage. There will be separate 

voltage at the secondary of the winding such that 1V at one winding, 2V at 

second winding and 8V at third winding.  

 
Working: 

When the source voltage is applied the source current will start flowing 

from thyristor T3 and it will start working and with T3. The T1and T2 will 

start working at ⍺ angle. The voltage will be 10Vm which is the sum of 2 

and 8 volt. In positive cycle the upper portion of the secondary winding 

when the trigger voltage will be applied at the thyristor T1 and will start 

conducting. Then the output voltage will be the sum of all winding voltages 

https://i1.wp.com/www.electroniclinic.com/wp-content/uploads/2020/11/two-stage-sequence-wacve-form.jpg?ssl=1
https://i1.wp.com/www.electroniclinic.com/wp-content/uploads/2020/11/two-stage-sequence-control-voltage.jpg?ssl=1


which are 1, 2 and 8V which is equal to 11V. when a negative cycle will 

occur the thyristor T4 will start conducting. The output voltage will be the 

sum of 2 and 8 which is equal to 10V. When trigger pulse will be applied at 

thyristor T2 and will start conducting at π+⍺. When T1 and T2 will conduct 

we will add all the winding voltage and when T3 and T4 will conduct we 

will add only two winding. 

 
 

 

https://i2.wp.com/www.electroniclinic.com/wp-content/uploads/2020/11/multistage.jpg?ssl=1


6 Module 

DC-DC converters–stepdown and step up choppers–single-quadrant, two-quadrant& four quadrant chopper–

pulse width modulation &current limit control in dc-dc converters.Switchingregulators–buck,boost&buck-boost-

continuousconductionmodeonly–waveforms–designoffilterinductance&capacitance 

DC-DC converter (Chopper)  

 Many industrial applications require power from dc voltage source 

 E.g.:subwaycars, trolleybuses ,batteryoperatedvehicles, batterychargingetc… 

 Theconversionoffixeddcvoltagetoanadjustabledcoutputvoltagethroughtheuseofsemiconductor devices 

can be carried out by the use of two types dc to dc converter given below 

 

 AC link chopper 

 DC chopper 

AC linkchopper: Dc first converted to ac by using an inverter 

 

 



 

 

 



 

 

 
 

 

 



 
 

 

 
 

 

 

 

 

 

 



 

 

 
 

 



 

 
In short 

 



 

 

 

 
 



 

 

 
 

 

 



 

 



 

 

 
 



Control strategies 

 The average value of the output voltage can be varied by  opening and 

closing the semiconductor switch 

 The two types of control strategies (schemes) are employed in all cases. These are: 

(a) Time-ratio control, and 

            (b)Current limit control 

Time-ratio Control 

 In the time ratio control the value of the duty ratio, TON/T=k is  varied. 

 There are two ways, which are constant frequency operation, and 

variable frequency operation. 

Constant Frequency Operation 
 In this control strategy, the ON time, is varied, keeping the  frequency 

(f=1/T), or time period T is constant. 

 This is also called as pulse width modulation control (PWM). 

 Two cases with duty ratios, as (a) 0.25 (25%), and (b) 0.75 (75%)  are shown in Fig. 

 Hence, the output voltage can be varied by varying ON time, 

TON. 

 

 

 
 
 
 
 
 
 
 
 
 

 
 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 There are major disadvantages in this control strategy. These are: 

 The frequency has to be varied over a wide range for the control  of output voltage in frequency 

modulation. Filter design for such  wide frequency variation is, therefore, quite difficult. 

 For the control of a duty ratio, frequency variation would be  wide. As such, there is a possibly of 

interference with systems  using certain frequencies, such as signaling and telephone line, in  

frequency modulation technique. 

 The large OFF time in frequency modulation technique, may  make the load current 

discontinuous, which is undesirable. 

 Thus, the constant frequency system using PWM is the preferred  scheme for dc-dc converters 

(choppers). 

Current-limit control 
 As can be observed from the current waveforms for the types of  dc-dc converters described earlier, the 

current changes between  the maximum and minimum values, if it (current) is continuous. 

 In the current limit control strategy, the switch in dc-dc converter  (chopper) is turned ON and OFF, so 

that the current is  maintained between two (upper and lower) limits..When the current exceed upper 

(maximum) limit, the switch is  turned OFF 

 During OFF period, the current freewheels in say, buck converter (dc-  dc) through the diode, DF, and 

decreases exponentially. 

 When it reaches lower (minimum) limit, the switch is turned ON. 

 This type of control is possible,  either with constant frequency, or  constant 

ON time 

 This is used only,  when the load has energy storage elements, i.e.  inductance, L. 

 The reference values are load current or load voltage. 

 In this case, the current is continuous, varying between Imax and  Imin , which decides the frequency used 

for switching. 

 The ripple in the load current can be reduced, if the difference  between the upper and lower limits is 

reduced, thereby making it  minimum. 

 This in turn increases the frequency, therebyincreasing the  switching losses. 



 

 

Switching regulators 

 DC converters can be used as switching mode regulators to  convert a dc voltage, normally unregulated 

to a regulated dc  voltage 

 The regulation is normally achieved by PWM at a fixed frequency  and the switching device is normally 

BJT, MOSFET or IGBT 

 The ripple content is normally reduced by an LC filter 

 There are four basic topologies of switching regulators   

Buck regulator 

Boost regulator 

Buck-boost regulator 

Cuk regulator 

 



 

 



 

 

INDUCTOR CURRENT , DESIGN OF FILTER INDUCTANCE OR CRITICAL INDUCTANCE 



 

 

 

 



 

 

 

Refer your class notes for  buck and boost regulator derivation 

 


