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Important Instructions to examiners: 

1) The answers should be examined by key words and not as word-to-word as given in the model 

answer scheme. 

2) The model answer and the answer written by candidate may vary but the examiner should assess the 

understanding level of the candidate. 

3) The language errors such as grammatical, spelling errors should not be given importance (Not 

applicable for subject English and Communication Skills). 

4) While assessing figures, examiner may give credit for principal components indicated in the figure. 

The figures drawn by candidate and model answer may vary. The examiner should give credit for 

any equivalent figure/figures drawn. 

5) Credits to be given step wise for numerical problems. In some cases, the assumed constant values 

may vary and there may be some difference in the candidate’s answers and model answer (as long 

as the assumptions are not incorrect). 

6) In case of some questions credit may be given by judgment on part of examiner of relevant answer 

based on candidate’s understanding. 

7) For programming language papers, credit may be given to any other program based on equivalent 

concept 
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1 a)  Attempt any THREE of the following:  12 

1 a) (i) Draw and explain labelled characteristics of IGBT. 

Ans:  

Characteristics of IGBT: 

 
 

Explanation: 

a) The VI characteristics of IGBT are shown in above figure. 

b) The forward characteristics are similar to those of bipolar transistor. The 

only difference here is that the controlling parameter is gate to emitter 

voltage VGE and parameter being controlled is collector current IC. 

c) IGBT is voltage control device, controlled by gate-emitter voltage VGE.   

d) The collector current IC increases with increase in voltage between gate and 

emitter VGE at constant value of VCE. 

e) Here VGE or VG(gate voltage) is positive and VG4 >VG3  >VG2  >VG1 

f) BVCEF is forward breakdown voltage, this is the value of VCE at which 

avalanche breakdown takes place, and at this point voltage across the 

device and current through it both are high. Therefore power dissipated is 

also very large. 

g) In reverse characteristics BVCER is reverse breakdown voltage. 

  

 

 

 

 

Characteristics 

of IGBT   

2 Marks  

 

 

 

 

 

 

 

 

 

 

 

 

Explanation 

2 Marks 

 

 

 

 

 

 

 

 

1 a) (ii) State the need of converters. Define firing angle. 

Ans:  

Need of Converters: 

The converters are the circuit configurations whose output is controlled DC 

supply. There are many applications which require DC supply. A well-known 

DC source is battery, in which chemical energy is converted into electrical 

energy. The battery sources have limited energy capacity and discharge during 

their use. The discharged battery needs recharging for further use. To recharge 

the battery, it should be connected to another DC supply. Thus there is 

requirement of alternative DC source for charging the batteries. 

In present days, the AC supply is used in all stages of power system. It is 

possible to convert AC supply into DC supply. It eliminates the need of energy 

storage. The DC load can be fed from such DC supply, which is available as & 

when AC supply is there. Large DC loads, which are difficult to handle using 

batteries, can be effectively and continuously supplied from such DC supply. 

Thus whether small or large, the DC load can be supplied from the DC supply, 

 

 

 

 

 

 

 

 

 

Need of 

Converters 

2 Marks 
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which is obtained after converting AC into DC. Thus the converters are 

necessary to convert available AC supply into DC supply and to make power 

available for battery charging, light DC loads, large DC loads and even for 

transferring bulk amount of power over long distance transmission lines (High 

voltage DC transmission). 

 

Firing Angle(𝛂): 

Firing angle is defined as the angle between the 

instant the SCR would conduct if it would be a 

diode and the instant it is triggered or fired.  

OR 

Firing angle or delay angle can be defined as the 

angle measured from the angle that gives 

maximum average output voltage (0 in figure) 

to the angle when the SCR is actually triggered 

or fired (45 in figure) by gate pulse. 

 

 

 

 

 

 

 

 

 

 

Definition of 

firing angle 

2 Marks 

 

1 a) (iii) Compare MOSFET inverter with thyristor based inverter. 

Ans: 

Comparison between MOSFET based inverter and thyristor based 

inverter: 

 

Sr.no. MOSFET inverter Thyristor based inverter 

1 These are based on Power 

MOSFET as switching device. 

These are based on SCR as 

switching device. 

2 Power MOSFETs are voltage-

controlled devices and 

triggering circuit consumes less 

power. 

SCRs are current controlled 

devices and triggering circuit 

consumes more power. 

3 Fast turn-ON and turn-OFF as 

compared to SCR 

Slow turn-ON and turn-OFF as 

compared to MOSFET. 

4 Inverters operate at higher 

switching frequency. 
Inverters operate at 

comparatively lower switching 

frequency 

5 Switching losses are less. Switching losses are more. 

6 Operate at smaller power rating Operate at higher power rating. 

7 Quality of the inverter output 

waveform can be improved by 

increasing switching frequency 

Quality of the output waveform 

is less and cannot be improved. 

 

 

 

 

 

 

 

1 mark for each 

point 

(any 4 points) 

=  

4 marks 

 

1 a) (iv) Describe the working of speed control of 3 induction motor by variable 

frequency control using cycloconverter. 

Ans: 
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Speed Control of 3ϕ induction motor by Variable frequency control using 

cycloconverter: 

 
The speed of an induction motor can be controlled by varying the supply 

frequency. When the supply frequency is changed, the synchronous speed Ns 

(=120f/P) is changed and accordingly the motor speed get changed.  

If the supply frequency f is changed to f* such that f* = .f, the synchronous 

speed at new frequency f*becomes, 

𝑁𝑠
∗ =

120𝑓∗

𝑃
=

120𝛽𝑓

𝑃
= 𝛽𝑁𝑠 and the slip becomes 𝑠∗ =

𝛽𝑁𝑠−𝑁

𝛽𝑁𝑠
= 1 −

𝑁

𝛽𝑁𝑠
 

The maximum torque developed at any supply frequency is inversely 

proportional to the square of frequency. Therefore, maximum torque gets 

reduced in inverse proportion when frequency is increased. 

The schematic of cycloconverter feeding a three-phase induction motor is 

shown in figure above. Each motor terminal is connected to three-phase supply 

through P-converter & N-converter. Only one converter, either P or N is ‘on’ at 

a time. When P-converter is on, the positive voltage half cycle of a phase is 

connected to the motor terminal, whereas when N-converter is ‘on’, the 

negative voltage half cycle of a phase is connected to the motor terminal. 

Number of only positive half-cycles can be applied in sequence to motor 

terminal by switching only P-converter. Similarly, only negative half-cycles 

can be applied in sequence to motor terminal by switching only N-converter. 

The output frequency is less than the supply frequency. 

The cycloconverter is a single-stage frequency converter. Cycloconverter gives 

sinusoidal output voltage when output frequency is limited to 1/3 of the supply 

frequency. The speed control range is limited to 33% of base speed. Within this 

range, the motor operates smoothly without any torque pulsations. However, 

any attempt to increase the frequency beyond 33% results in waveform 

distortion. Using cycloconverter, the voltage and frequency can be adjusted 

independently. The cycloconverter allows power flow in either direction, hence 

regenerative braking and four quadrant operation is possible.  

 

 

 

 

 

 

 

 

 

 

 

 

2 Marks for 

any one 

Circuit diagram 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2 Marks for 

Explanation 

 

1 b)  Attempt any ONE of the following:  6 

1 b) (i) With the help of waveforms, explain the working of sinusoidal pulse width 

modulation. 

Ans: 
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Sinusoidal Pulse Width Modulation: (Sin PWM) 

In this modulation technique, 

several pulses per half cycle are 

used to fabricate output AC 

waveform. The pulse width is a 

sinusoidal function of the angular 

position of the pulse in the half 

cycle. The gating signals for turning 

on the thyristors are generated by 

comparing a high frequency carrier 

signal vc with a sinusoidal reference 

signal vr of desired frequency. The 

trigger pulse is generated at the intersection point of vc and vr. The thyristor is 

maintained on during the interval when vr>vc. When vr becomes equal to vc the 

on thyristor is commutated by forced commutation. In fact, the comparison of 

vc and vr is carried out in comparator and when vr>vc, the comparator output is 

high, otherwise it is low. The comparator output is processed in such manner 

that the output voltage has pulse width in agreement with the comparator 

output pulse width. 

 

 

 

 

 

3 marks for 

explanation 

 

 

3 marks for 

waveform 

diagram 

1 b) (ii) Draw and explain 3  fully controlled bridge converter with ‘R’ load.  

Ans: 

Three-phase Fully Controlled Bridge Converter with R load:

 
The circuit diagram of 3 fully controlled bridge converter is shown in fig.(a). 

Six thyristors are connected in bridge to obtain full wave rectification. One of 

the upper thyristors T1, T3, T5 carry current from secondary winding to load 

and one of the lower thyristors T2, T4, T6 carry current back from load to 

secondary winding. The pair of the thyristors which is connected to those lines 

having a positive instantaneous line-to-line voltage is fired. If vab is positive, 

then the thyristor connected to phase a i.e T1 and thyristor connected to phase b 

i.e T6 are fired. The thyristors are fired at an interval of /3 rad or 60. Each 

thyristor conducts for 2/3 rad or 120. The fig.(b) shows the waveforms of 

line voltage, output load voltage and load current. 

At t = 0, the line voltage vcb is higher than any other line voltage, hence 

thyristor T5 connected to phase c and thyristor T6 connected to phase b are 

 

 

 

 

 

 

2 marks for 

circuit diagram 

(Equivalent 

circuit may 

please be 

considered) 

 

 

 

 

 

 

 

2 marks for 

operation 

explanation 
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fired at delay angle . After 

firing T5 and T6, the load 

voltage becomes equal to vcb. 

The upper load terminal gets 

connected to phase c and 

voltage vac appears across T1 

and voltage vbc across T3. As 

both vac and vbc are negative, 

both T1 and T3 are reverse 

biased. Similarly the lower 

load terminal gets connected 

to phase b through T6 and 

voltage vba appears across T4 

and voltage vbc across T2. As 

both vba and vbc are negative, 

both T4 and T2 are reverse 

biased. Thus firing of a pair 

of thyristors causes all other 

thyristors to be reverse 

biased. This condition is continued till t = /3. After this the line voltage vab 

becomes higher than vcb. At t = /3, the line voltage vac crosses zero value 

and becomes positive, due to which T1 get forward biased. So a gate pulse is 

applied to T1 at t = (/3)+. Once T1 is turned on, the upper load terminal 

gets connected to phase a, causing line voltage vca across conducting T5. As vca 

is negative, T5 get reverse biased and turned off. The load current get shifted 

fromT5 to T1. However, the thyristor T6 remains on and continue to carry load 

current with T1. The load voltage then becomes equal to vab. In this way the 

thyristors are fired in sequence and successively line voltages appear across 

load as shown in fig.(b). 

Since the load is purely resistive, the load current follows same variations as 

that of load voltage. The waveform of load current is similar to the load voltage 

waveform as shown in the fig.(b). 

 

 

 

2 marks for 

waveforms 

 

 

 

 

2   Attempt any FOUR of the following:  16  

2 a)  With suitable circuit diagram, explain the VI characteristics of SCR.  

Ans: 

Circuit Diagram of SCR: 

 
 

 

 

 

 

 

 

 

1 mark for 

labeled 

diagram 
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V-I characteristics of SCR: 

 

Operating regions: 

1) Forward Blocking region: In this region, the SCR is forward biased but not 

triggered. It carries only forward leakage current. The SCR in this region is 

treated as OFF switch. 

2) Forward conduction region: In this region, the SCR conducts the forward 

current and latched into conduction after triggering. The SCR in this region 

is treated as ON switch. 

3) Reverse blocking region: In this region, the SCR is reverse biased, hence 

carries only reverse leakage current. The SCR in this region is treated as 

OFF switch. 

4) Reverse conduction region: In this region, the SCR conducts the reverse 

current after the breakdown of reverse biased junctions. The SCR get 

damaged if operated in this region. 

 

 

 

 

 

1 mark for 

characteristics 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2 marks for 

explanation. 

2 b)  Compare 3 and 1 converters, on the basis of efficiency, ripple factor, RMS 

values and average values. 

Ans: 

Comparison of 3 and 1 Converters: 

The single-phase and three-phase converters can be compared on the basis of 

given points in a following manner. 

Particulars 3 Converter 1 Converter 

Efficiency For constant load current, 

the rectification 

efficiency is more and 

given by, 

 =
3𝑐𝑜𝑠𝛼

𝜋 (
1

2
+

3√3

4𝜋
𝑐𝑜𝑠2𝛼)

1

2

 

 

For constant load current, 

the rectification efficiency 

is less and given by, 

 =
2√2

𝜋
𝑐𝑜𝑠𝛼 

 

Ripple 

factor (RF) 

RF = 

√[
𝜋2

9𝑐𝑜𝑠2𝛼
(

1

2
+

3√3

4𝜋
𝑐𝑜𝑠2𝛼) − 1] 

 

RF = √[
𝜋2

8𝑐𝑜𝑠2𝛼
− 1] 

 

 

 

 

 

 

 

 

 

 

1 mark for each 

point  

=  

4 marks 
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Less voltage ripple factor 

for same firing angle. 

More voltage ripple factor 

for same firing angle.  

RMS 

Values 

With continuous 

conduction and without 

free-wheeling diode, the 

output rms voltage 

depends on the firing 

delay angle . 
𝑉𝑟𝑚𝑠

= √3𝑉𝑚 [
1

2
+

3√3

4𝜋
𝑐𝑜𝑠2𝛼]

1

2

 

With continuous conduction 

and without free-wheeling 

diode, the output rms 

voltage is equal to the input 

rms voltage. 

𝑉𝑟𝑚𝑠  =  
𝑉𝑚

√2
= 𝑉𝑠 

Average 

Values 

More average or DC 

voltage for same firing 

angle and phase voltage. 

𝑉𝑑𝑐 =
3√3𝑉𝑚

𝜋
𝑐𝑜𝑠𝛼 

Less average or DC voltage 

for same firing angle and 

phase voltage. 

𝑉𝑑𝑐 =
2𝑉𝑚

𝜋
𝑐𝑜𝑠𝛼 

 

2 c)  State the function of freewheeling diode. Also state the effect of source 

impedance on converter. 

Ans: 

Function of Freewheeling Diode (FWD): 

a) Freewheeling diodes are used across inductive loads such as coils, dc motor 

armature etc. to prevent voltage spikes across these loads when the 

switching device is turned off. It is used to bypass the stored energy in 

inductive elements when the switching device is turned off. 

b) In absence of FWD, the stored energy in inductance will maintain forward 

current through the power semiconductor device and prevent it from being 

turned off. 

c) When the power semiconductor device in series with load is turned off, 

FWD is forward biased and the current in load bypassed through FWD and 

switching device can be turned off. 

Effect of Source Impedance On Converter: 

1. The effect of source inductance is delay in commutation of thyristors, as it 

takes a finite time for the current to decay to zero in the outgoing thyristor, 

while the current will rise at the same rate in the incoming thyristor.  

2. Thus, in practice, the commutation process may occupy a quite significant 

period of time, during which both the "incoming" and "outgoing" thyristors 

are simultaneously in conduction. 

3. This period, during which both the outgoing and incoming thyristors are 

conducting, is known as the over-lap period and the angle for which both 

devices share conduction is known as the overlap angle or commutation 

angle, as shown in the waveforms below.  

4. The output average voltage is dropped due to loss of output voltage during 

commutation angle. 

5. If the source impedance is purely resistive, it causes voltage drop and output 

voltage is reduced by that amount. 

 

 

 

 

 

 

 

2marks for 

function of 

freewheeling 

diode 

 

 

 

 

 

 

 

 

2 marks for 

effect of 

Source 

impedance on 

converter 
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2 d)  Draw circuit of Jones chopper and describe its working principle. 

Ans: 

Jones chopper: 

The circuit diagram of Jones Chopper is 

shown in the figure. It employs class D 

commutation technique in which a charged 

capacitor is switched by an auxiliary SCR to 

commutate the main SCR. The circuit 

operation can be divided into various modes 

as follows: 

Mode 1: In this mode, the main SCR T is 

triggered at start and then it conducts the 

load current. Since L1 and L2 are coupled 

inductors, the applied voltage across L1 

results in emf induced in L2. This emf 

charges the capacitor C with shown polarity 

through diode D and conducting T. When 

capacitor is fully charged, the charging   

current falls to zero and cannot reverse due to diode. 

Mode 2: In this mode, the auxiliary SCR Ta is triggered. Once Ta is turned on, 

the charged capacitor C is placed across main SCR T so as to apply reverse 

bias across it. Due to this reverse bias and alternate path provided by C and Ta 

to the load current, the main SCR is turned off. The load current now flowing 

through C and Ta causes capacitor to discharge fully. 

Mode 3: The inductance L1 and load inductance try to maintain the load current 

through C and Ta. The load current charges the capacitor with reverse polarity 

i.e upper plate positive. With rising capacitor voltage, the load current attempts 

to fall. To maintain the falling load current, the inductive voltages in L1 and 

load changes their polarity. The reversal of load voltage VL forward biases the 

free-wheeling diode and it conducts. The capacitor gets overcharged due to the 

energy supplied by Vs and L1. The load current falls below holding current 

level of Ta, hence Ta is turned off. 

 

 

 

 

 

 

 

 

 

 

2 marks for 

circuit diagram 

 

 

 

 

2 marks for 

operation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


