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IV/IV B.Tech (Regular/Supplementary) DEGREE EXAMINATION 

November, 2022    Electrical and Electronics Engineering 

Seventh Semester Switched Mode Power Supply 
Time: Three Hours Maximum: 50 Marks 

Answer Question No.1 compulsorily.                  (10X1 = 10 Marks) 

Answer ONE question from each unit.                                                     (4X10=40 Marks) 

  

1. a) List the design constraints of Inductor? CO1 L1   

 b) List out different type of capacitors in power electronic systems? CO1 L2  

 c) What are various steady state analysis requirements for power electronic 

devices? 

CO1 L3  

 d) Draw the magnitude plot of phase lead compensator? CO2 L1  

 e) Write the transfer function of buck converter in terms of duty ratio? CO2 L3  

 f) List out various feedback compensators? CO2 L4  

 g) What are zvs and zcs converters? CO2 L3  

 h) How load resonant converters are classified? CO3 L1  

 i) Explain the concept of PWM technique? CO4 L3  

 j) What are the various types of pulse width modulated rectifiers? CO4 L4  

 Unit -I 

2. a) Explain about design constraints of capacitor in power electronic systems? CO1 L1 5M 
 b) Explain about Input filter design specifications? CO1 L3 5M 

 (OR) 
3. a) Explain about design constraints of transformer in power electronic systems? CO1 L1 5M 
 b) Explain basic concepts of second and higher order switched mode power 

converters? 

CO1 L4 5M 

 Unit -II 
4. a) Explain about control action of feedback compensators? CO2 L2 4M 
 b) Obtain the gain and phase plot of the non-ideal boost converter from its transfer 

function. 

CO2 L4 6M 

 (OR) 
5. a) Explain about frequency programmed concepts in switched mode power 

converters? 

CO2 L2 5M 

 b) Obtain the gain and phase plot of the non-ideal buck converter from its transfer 

function. 

CO2 L1 5M 

 Unit -III 
6. a) Explain about zero-voltage switching converters with wave forms? CO3 L1 5M 

 b) Explain about Multi resonant converter with neat circuit diagram? CO3 L3 5M 

 (OR) 
7. a) Explain about zero-current switching converters with wave forms? CO3 L2 5M 
 b) Explain load resonant converters with neat circuit diagram and wave forms? CO3 L4 5M 

 Unit -IV 
8. a) Find List the properties of Ideal rectifier? CO4 L2 4M 
 b) Find Explain about three phase converter systems in PWM rectifiers? CO4 L1 6M 

 (OR) 
9. a) Explain about single phase converter systems in pulse width modulated 

rectifiers? 

CO4 L4 5M 

 b) Explain the concepts of bifurcation and chaos? CO4 L3 5M 
 

 
 

 



Scheme of Evaluation 
One Mark Questions                                                                                                                             10X1 = 10 Marks  

1 a) List the design constraints of Inductor? 

Ans: The design requires, 

i) The size of wire to be used for the electric circuit, to carry the rated current safely. 

ii) The size and shape of magnetic core to be used such that  

 The peak flux is carried safely by the core without saturation.   

 The required size of the conductors is safely accommodated in the core. 
iii) The number of turns of the electric circuit to obtain the desired inductance 

 

b) List out different type of capacitors in power electronic systems? 

Ans: i) Coupling Capacitors ii) Power capacitors (low frequency) iii) Power capacitors (high frequency) iv) Filter 

capacitors v) Pulse capacitors vi) Damping capacitors  vii)Commutation capacitors  viii) Resonant capacitors 

 

c) What are various steady state analysis requirements for power electronic devices? 

Ans: To Analyse the behaviour of Power Electronic Converters, In first step we need to analyse the working principle 

of the converter using wave forms of various quantities in the converter circuit and need to use the various techniques 

like state space, small signal, circuit averaging etc.. to represent the physical phenomenon by its mathematical 
equivalent. 

 

d) Draw the magnitude plot of phase lead compensator? 

Ans:  

 
e) Write the transfer function of buck converter in terms of duty ratio? 

Ans:    

  
 

f) List out various feedback compensators? 

Ans: Voltage Mode, Current Mode, Critical Conductance method, Hysteresis Method etc.. 

 

g) What are zvs and zcs converters? 
Ans: Zero Volt Switching and Zero Current Switching converters are used to make the switch transition at Zero Volt 

Crossing and Zero Current crossing Points. 

 

h) How load resonant converters are classified? 

Ans: Series Loaded and Parallel Loaded and Hybrid Converters. 

 

i) Explain the concept of PWM technique? 
Ans:  Pulse width modulation (PWM) is a modulation technique that generates variable-width pulses to represent the 

amplitude of an analog input signal. 

 

j) What are the various types of pulse width modulated rectifiers? 

Ans: The three conventional types of pulse width modulation are: Trail Edge Modulation. Lead Edge Modulation. 

Pulse Centre Two Edge Modulation. And various types of single phase and three-phase converter systems are made 
by incorporating ideal rectifier characteristics using the above Modulation Techniques. 

 

 

 

 

 

 



2 a) Explain about design constraints of capacitor in power electronic systems? 

Ans:  

 
There are different types of capacitors for SMPS:  

i) Coupling Capacitors  

ii) ii) Power capacitors (low frequency)  
iii) iii) Power capacitors (high frequency)  

iv) iv) Filter capacitors 

v)  v) Pulse capacitors  

vi) vi) Damping capacitors   
vii) vii)Commutation capacitors   

viii) viii) Resonant capacitors 

 

b) Explain about Input filter design specifications? 

Ans:  

 



 

 

 

 



 
 

3 a) Explain about design constraints of transformer in power electronic systems? 

Ans: 

 
 

b) Explain basic concepts of second and higher order switched mode power converters? 

Ans: A buck converter (step-down converter) is a DC-to-DC power converter which steps down voltage (while 

stepping up current) from its input (supply) to its output (load). It is a class of switched-mode power supply (SMPS) 
typically containing at least two semiconductors (a diode and a transistor, although modern buck converters frequently 

replace the diode with a second transistor used for synchronous rectification) and at least one energy storage element, 

a capacitor, inductor, or the two in combination. To reduce voltage ripple, filters made of capacitors (sometimes in 
combination with inductors) are normally added to such a converter's output (load-side filter) and input (supply-side 

filter). Its name derives from the inductor that “bucks” or opposes the supply voltage. The basic operation of the buck 

converter has the current in an inductor controlled by two switches . 



 
 In a physical implementation, these switches are realized by a transistor and a diode, or two transistors 

 

 
 

 



 

 
4 a) Explain about control action of feedback compensators? 
Ans: The compensated systems are shown in Series or cascade compensation, Feedback or parallel compensation, and 

State feedback compensation have one degree of freedom which intimates that the system has a single controller. The 

disadvantage of one degree of freedom controller is that the performance criteria realized using these compensation 
techniques are limited. 

 

In simple words, the compensators introduce additional poles/zeros to an existing system so that the desired 

specification is achieved. 
 

Effects of Addition of Poles 

The following are the effects of addition of poles to an existing system: 
 

The root locus of a compensated system will be shifted towards the right-hand side of the s-plane. 

Stability of a system gets lowered. 

Settling time of a system increases. 
Accuracy of a system is improved by the reduction of steady-state error. 

Effects of Addition of Zeros 

The following are the effects of addition of zeros to an existing system: 
 

The root locus of a compensated system will be shifted towards the left-hand side of the s-plane. 

Stability of a system gets increased. 
Settling time of a system decreases. 

Accuracy of a system is lowered as steady-state error of the system increases. 

Choice of Compensators 

The choice of compensators from the different categories discussed in the previous sections is based on the following 
factors: 

 

Nature of signal to the system 
Available components 

Experience of the designer 

Cost 
Power levels at different points and so on 

 

b) Obtain the gain and phase plot of the non-ideal boost converter from its transfer function. 

Ans:  



 

 

 
 



5 a) Explain about frequency programmed concepts in switched mode power converters? 

Ans: A controller is required for the converter to maintain the output voltage constant 

irrespective of variations in the DC source voltage Vin and the load current.In this method as 

shown in fig.4 the output voltage is maintained at a constant value given by Vref .  The error 

voltage given by Vref  –V is passed through a Controller to generate control signal Vc which 

is passed through PWM modulator to generate appropriate d.    

                    
                            Fig.4 

 The above circuit is modeled and simulated in MATLAB with the fallowing 

parameters  Vin=28v,  V=15v,  L=50µH,  C=500µF,  R=3Ω,  fs=100 KHz. 

Fig.5 shows the simulink block diagram. The PWM modulator is represented by a small 

signal gain 1/Vm where Vm is the peak magnitude of the saw tooth wave.                                           

 

      Fig.5 

Fig.6 shows the uncompensated open loop control to output frequency response v/v e. Which 

is having low phase margin (3deg) at 2.7 KHz.  

 To improve phase margin to 52 deg at 5 KHz. A lead compensator is require with zero 

at 1.7 KHz, Pole at 14.5 KHz and with a gain of fpfz
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And to improve the low frequency response a inverted zero is added at one tenth of the cross 

over frequency i.e. at 500Hz. Finally the open loop response with the compensator is shown 

in fig.7 with 48 deg of phase margin at 5 KHz. 

 

 

 

 

 

 

   Fig.6       Fig.7 

The simulation results are sown in fig.8. Though phase margin requirement is satisfied the 

initial peak over shoot is very high which can damage the circuit. So to decrease this we have 

to reduce the gain of the compensator which results in decreasing the phase margin as shown 

in Fig.9 and hence more damping nature response as shown in Fig.10 for a Step change of -

5A in output current at 0.03 sec and a step change of 5v in input voltage at 0.06sec. 

 

 

  

 

 

Fig.8 

      

 

 

 

 

                                                                              Fig.9 

       

 

 

 

 

      Fig.10 

 



 

b) Obtain the gain and phase plot of the non-ideal buck converter from its transfer function. 

Ans:  

A controller is required for the converter to maintain the output voltage constant irrespective 

of variations in the DC source voltage Vin and the load current. So the first step in designing 

a controller for any converter starts with finding mathematical equations which relate input, 

output and controlling parameters of the converter. 

 State space averaging is the most common averaging technique and is used here to 

model the model the buck converter. In this method state space equations are obtained for 

each mode in one complete cycle. In continuous current mode (CCM) only two modes exists 

i.e. when the power switch is ON and when switch is OFF. Fig.2 shows the circuit 

configuration of the buck converter corresponding to ON state of power switch. In order to 

examine the effect of load changes on the response of the converter, a current generator iz is 

added in parallel with the load resistor. Corresponding state space equations for this ON state 

are  
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      Fig.2 

 

 

Fig.3 shows the circuit configuration of the buck converter corresponding to OFF state of 

power switch and corresponding sate space equations are 
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      Fig.3 

 

The inductor current ‘i’ and the output voltage ‘v’ are the two elements of a state vector x, 

while the input vector u has vin and iz . 

The state –space averaged model of the converter is formed by taking a weighted average of 

the equations of fig.2 and Fig.3 as 

                                            BuAxx    (5) 

Where       A= dAON + (1- d) AOFF 

        B= dBON + (1 – d) BOFF 

Therefore the averaged matrices for the buck converter are 
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 The control input to the converter, duty ratio is in matrix B, therefore the averaged 

model is time varying and difficult to solve. To simplify the model equ.4 is linearised, by 

considering small variations in the variables. 

 Each variable is written as a sum of steady state or DC component and small signal or 

AC component as 

                                    

         (7) 

Where                
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Substituting eq.7 in eq.5 and neglecting the higher order terms, the equation which relates 

small changes in variables is 

  UdBBXdAAuBxAx OFFONOFFON
ˆ)(ˆ)(ˆˆˆ      

 dEuBxAx ˆˆˆˆ     (8) 

Where   UBBXAAE OFFONOFFON )()(   

And the E matrix for buck converter is  
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6 a) Explain about zero-voltage switching converters with wave forms? 

Ans: 
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b) Explain about Multi resonant converter with neat circuit diagram? 

Ans:  

 

 



 

 

7 a) Explain about zero-current switching converters with wave forms? 

Ans:  

 

 



b) Explain load resonant converters with neat circuit diagram and wave forms? 

Ans:  

 

 

 

 



 

8 a) Find List the properties of Ideal rectifier? 

Ans:  

 



 



 
 

b) Find Explain about three phase converter systems in PWM rectifiers? 

Ans:  

 



 

 



 
 

 

9 a) Explain about single phase converter systems in pulse width modulated rectifiers? 

Ans:  

 



 

 



 
 

b) Explain the concepts of bifurcation and chaos? 

Ans:  

The term bifurcation was coined by Poincaré to designate the emergence of several solutions from a given solution. 
Whenever the solution to an equation, or system of equations, changes qualitatively at a fixed value of a parameter, 

called a critical value, the phenomenon is called a bifurcation. The dynamic system and chaos can be related as 

follows: when a dynamical system, described by a set of parameterized differential equations, changes qualitatively, 

as a function of an external parameter, the nature of its long-time limiting behaviour in terms of fix points or limit 

cycles, one speaks of a bifurcation. the appearance of chaos in a system is usually associated with systems whose 

mathematical model has a parameter that can vary. For a given range of values of this parameter, the system will 

exhibit a chaotic behaviour. The point that marks this change is called a bifurcation point. 
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