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PART –A 

I) 

1. Application of UJT. 

 

 It is widely used as triggering device for silicon controlled rectifier and triac.  

 Also UJT is used in timing circuit. 

2. Commutation  

 The turn off process of an SCR is called commutation. 

 The term commutation means the transfer of current from one path to another. 

 So the commutation circuit does this job by reducing the forward current to zero. 

 So as to turn OFF the SCR. 

3. Chopper  

 It is a DC-DC converter. 

 A chopper is a device that converts fixed DC input to a variable DC output voltage 

directly. 

4. Speed control methods of a three phase induction motor 

 The speed of induction motor is changed from both stator and rotor side. Two of them 

are: 

 Stator voltage control  

 Stator frequency control 

5. Classification of UPS 

 The three major types of UPS system configuration are: 

 Online double conversion 

 Line-interactive 

 Offline (also called standby and battery backup) 

 These UPS systems are defined by how power moves through the unit. 
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                                                                     PART B 

II) 

1. Working and V-I characteristics of DIAC 

 

Consider the MT1 terminal to be positive 

 P1 layer near MT1 will be activated. 

 So the conduction will be taking place in the order of P1-N2-P2-N3.  

 When the current is flowing from MT1 to MT2 the junction between P1-N2 and P2-N3 are 

Forward Biased and the junction between N2-P2 is reverse biased. 

Consider MT2 terminal to be positive 

 P2 layer near MT2 will be activated  

 conduction will be taking place in the order of P2-N2-P1-N1.  

 The current will be flowing from MT2 to MT1 and the junctions between P2-N2 and P1-N1 are 

forward biased and the junction Between N2- P1 is reverse biased.  

Hence the conduction will be possible in both the directions. 
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V-i characteristics of DIAC 

 

 

2. Constant frequency control of choppers 

 

 It is also referred as Time- Ratio Control (TRC). 

 In this scheme, the ON-time is varied. 

 But the chopping period T is kept constant. 

 Variation of TON  means adjustment of pulse width. 

 So this method is also known as pulse width modulation scheme. 
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3. Working of half bridge inverter 

 

Operation: 

 A single DC source is divided into two DC Sources. 

 Initially, two thyristors are not triggered to turn ‘ON’.  

 So zero current flows through the device. 

 The Thyristor T1 is turned ‘ON’ by giving a gate pulse.  

 The Thyristor T2 is kept ‘OFF’ and no gate signal is given to it. 

 Thus, the ThyristorT1 starts conducting and the current starts to flow from Edc/2(positive terminal 

of 1st source)-T1-Load-negative terminal of 1st source. 

 Thus, a positive cycle similar to that of ac cycle is obtained. 

 Now, the Thyristor T1 is made ‘OFF’ and T2is made ‘ON’ by giving a gate signal to it. 

 The Thyristor T2 starts to conduct and the current starts to flow through the load. 

 The current takes the following path:-Edc/2 positive terminal of 2nd source)-Load-T2-negative 

terminal of the 2ndsource. 

 Thus, a negative cycle is produced. 

 Two SCRs are triggered alternatively so that the load conducts current in both directions. 

 Thus, a square ac wave is generated. 

 Hence, direct current is converted into alternating current using inverter circuit. 
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4. Solid state control of typical fan regulator 

 This circuit is generally used to control the speed of the fan in our homes or offices.  

 As we know that by varying the firing angle of the TRIAC, the power applied through the load is 

controlled which is nothing but a concept of power control using TRIAC. 

 The same principle is applied to the voltage regulator circuit  

 

 Before giving the power supply to this simple fan regulator circuit, keep the variable resistor or 

potentiometer in maximum resistance position so that no triggering is applied to TRIAC and 

hence the TRIAC will be in cutoff mode. 

 Turn ON the power supply of the circuit and observe whether the fan is in standstill condition or 

not. Vary the potentiometer position slowly so that the capacitor starts charging at the time 

constant determined by the values of R1 and R2. 

 Once the voltage across the capacitor is more than the break over voltage of the DIAC, DIAC 

starts conducting. Thus, the capacitor starts discharging towards the gate terminal of TRIAC 

through DIAC. 

 Therefore, TRIAC starts conducting and hence the main current starts flowing into the fan through 

the closed path formed by TRIAC. 

 By varying the potentiometer R2, the rate at which capacitor is going to be charged get varied this 

means that if the resistance is less, the capacitor will charge at a faster rate so the earlier will be 

the conduction of TRIAC. 
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 As the potentiometer resistance gradually increases, the conduction angle of TRIAC will be 

reduced. Hence the average power across the load will be varied. 

 Due to the bidirectional control capability of both TRIAC and DIAC, it is possible to control the 

firing angle of the TRIAC in both positive and negative peaks of the input. 

5. Single phase semi converter DC drives 

 A separately excited dc motor, fed through two single phase semi converters, one for the armature 

circuit and the other for the field circuit. 

 Both converters 1 and 2 are connected to the same single phase source. This converter also offers 

one quadrant drive and is used up to about 15kW dc drives. 
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 For a single phase semi converter , average output voltage 

 

 For Field circuit 

 

6. Line interactive UPS 

 

 Line interactive UPS work like online and offline UPS. 

 When mains AC flows normal, it works like offline UPS. 

 When there is a fluctuation in main AC, at this state UPS works as online UPS. 

 When main AC is not present, it will run the connected load till battery has a recommended 

discharge level. 

 The line interactive uninterruptible power supply provides a clean and regulated output voltage. 
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7. Compare buck and boost converter 

 

 A buck converter is known as step down converter. 

 It steps down input voltage and steps up input current. 

 Output voltage less than input voltage. 

 Switch is connected series with input supply. 

 Duty cycle D=
𝑉0

𝑉𝑆
 

 

 A boost converter is known as step up converter. 

 It steps up input voltage and steps down input current. 

 Output voltage greater than the input. 

 Switch is connected across with the input supply. 

 Duty cycle D= 1- 
𝑉𝑠

𝑉0
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                                                                        PART C 

III) 

a) V-I Characteristics of SCR 

 

Modes of operation 

Forward blocking Mode 

 Anode terminal is made positive with respect to cathode while the gate terminal kept open.  

 J1 and J3 are forward biased  

 J2 reverse biased. 

 Small leakage current flows.  

 Until the voltage applied across the SCR is more than the break over voltage of it, SCR offers a 

very high resistance to the current flow.  

 SCR acts as an open switch. 

 Forward Conduction Mode  

 SCR comes into the conduction mode from blocking mode.  
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 It can be done in two ways as either by applying positive pulse to gate terminal or by increasing 

the forward voltage beyond the break over voltage of the SCR. 

 Then avalanche breakdown occurs at junction J2.  

 Therefore the SCR turns into conduction mode  

 Acts as a closed switch and thereby current starts flowing through it. 

 Reverse Blocking Mode 

 Cathode is made positive with respect to anode.  

 J1 and J3 are reverse biased and J2 is forward biased.  

 flow a small leakage current through it  

 acts as an open switch  

 So, the device offers a high impedance in this mode until the voltage applied is less than the 

reverse breakdown voltage VBR of the SCR.  

 If the reverse applied voltage is increased beyond the VBR, then avalanche breakdown occurs at 

junctions J1 and J3 which results to increase reverse current flow through the SCR. 

 

b) Compare JFET, MOSFET, IGBT. 

JFET 

 Junction field effect transistor. 

 It only operated in the depletion mode. 

 It has less input impedance than MOSFET. 

 Manufacturing process is simple. 

 Cheaper. 

 Mostly used in low noise application. 

MOSFET 

 Metal oxide semiconductor field effect transistor. 

 Operates both depletion and enhancement mode. 

 Offers higher input impedance than JFET. 

 Manufacturing process is complex. 
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 High cost. 

 Mostly used in high noise application. 

IGBT 

 Insulated gate bipolar transistor. 

 Voltage controlled device. 

 Better in power handling than MOSFET. 

 Lower voltage drop compared to MOSFET. 

IV) 

a) V-I Characteristics of TRIAC  

 

Working 

A positive voltage at MT2 and a positive pulse at the gate 

 Current will be flowing in the path of P1-N1-P2-N2.  

 During this operation, the junction between the layers P1-N1 and P2-N2 are forward 

biased whereas the Junction between N1-P2 is reverse biased.  

 When the positive signal is applied to the gate the junction between P2-N2 is forward biased and 

breakdown occurs. 
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A positive voltage at MT2 and a negative pulse at the gate 

  Current flow will be in the same path as the first mode which is P1-N1-P2-N2, but here the 

junction between the P2-N2 is forward biased and the current carriers are injected into the P2 

layer. 

 

A negative voltage at MT2 and positive pulse at the gate 

 When the terminal MT2 is negative and the gate is triggered with a positive pulse the junction 

between P2-N2 is forward biased and the current carriers are injected, hence the TRIAC is turned 

on. 
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A negative voltage at MT2 and a negative pulse at the gate 

 When the terminal MT2 is positive and negative pulse is provided to the gate terminal the current 

will be flowing in the path of P2-N1-P2-N3.  

 During the operation the junction between the layers P2-N1 and P1-N4 are forward biased 

whereas the junction between the layers N1-P1 is reverse biased, hence the TRIAC is said to 

operate in the negatively biased region. 

 

b) Gate turn off 

 The device turn off is achieved by applying a negative bias to the gate with respect to the cathode. 

 The GTO can be turned on by a gate signal, and can also be turned off by a gate signal of negative 

polarity. 

 Turn on is accomplished by a "positive current" pulse between the gate and cathode terminals. 

 

 The gate current required to turn off the GTO is relatively high.  

 Due to this large negative current, GTOs are used in low power applications. 
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 To turn OFF a conducting GTO, a reverse bias is applied at the gate by making the gate negative 

with respect to cathode.  

 A part of the holes from the P base layer is extracted through the gate which suppresses the 

injection of electrons from the cathode. 

 In response to this, more hole current is extracted through the gate results more suppression of 

electrons from the cathode.  

 Eventually, the voltage drop across the p base junction causes to reverse bias the gate cathode 

junction and hence the GTO is turned OFF. 

V) 

a) Draw and explain the operation of single phase full wave converter with R load. 

SCR1=T1, SCR4=T2, SCR2=T4, SCR3=T3 

 Circuit consists of four thyristors and input supply and resistive load. 

 Input supply is sinusoidal. 

mad
inpoly.

co
m

http://www.madinpoly.com/


www.madinpoly.com   

  

 

 During positive half cycle thyristors T1 and T2 conducts only when these thyristors are triggered. 

 Also during negative half cycle thyristors T3 and T4 conducts when it is triggered. 

 During both half cycle the load current is positive. 

 

 At α, T1 and T2 are triggered so that it conducts. When the input voltage become zero these 

thyristors naturally commutated. 

 At Π+α, T3, T4 are triggered and it conducts upto 2Π. 

b)Working of single phase series inverter 

 The commutating components L & C are connected in series with the load  

 Therefore this inverter is called as series inverter.  

 The value of commutating components is selected such that the circuit becomes under damped.  

 The anode current itself becomes zero in this inverter resulting the scr turns off automatically. 
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 Therefore this inverter is also called as self-commutated or load commutated inverter. 

 

 

MODE 1 

 SCR T1 is turned on. 

 The voltage across capacitor becomes + Vdc when the load current becomes maximum.  

 The voltage across capacitor becomes +2Vdc when the load current becomes zero at  

        point a 

 The SCR T1 automatically turns off at point a because the load current becomes zero. 
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MODE 2 

 

 The SCR T1 and SCR T2 are turned off in this time duration and voltage across capacitor 

becomes equal to +2 Vdc. 

 

MODE 3 

 The SCR T2 is turned on at point b due to it receives positive capacitor voltage.  

 The discharging of capacitor is done through SCR T2 and R – L circuit as shown in the figure C.  

 The load current becomes zero after it becomes maximum in the negative direction.  

 The capacitor discharges from +2 Vdc to – Vdc during this time and SCR T2 turns off automatically at 

point C due to load current becomes zero. 

 The positive AC output voltage half cycle generates due to DC voltage source whereas negative half 

cycle generates due to capacitor. 
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VI 

a) Three phase fully controlled converter with R load 
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 A three phase fully controlled converter is obtained by replacing all the six diodes of an uncontrolled 

converter by six thyristors. 

  The three thyristors (T1 ,T3 andT5 ) will not work together at the same time or two of them also 

will not work together at the same time.  

  The three thyristors (T2 ,T4 andT6 ) will not work together at the same time or two of them also 

will not work together at the same time.  

  (T1 and T4 ), (T3 and T6 ) or (T5 and T2 ) will not work together at the same time.  

  Each thyristor is triggered at an interval of 2 / 3.  Each thyristors pair ((T6&T1 ), (T1&T2 ), 

(T2&T3 ), (T3&T4 ), (T4&T5 ), (T5&T6 )) is triggered at an interval of  / 3. 

 If T1 is triggered at (30 + ), T3 will be triggered at (30 + +120) and T5 will be triggered at (30 + 

+240). T4 will be triggered at (30 + +180), T6 will be triggered at (30 + +120+180) and T2 will 

be triggered at (30 + +240+180). 
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b) Full bridge inverter 

 Single Phase Full Bridge Inverter is basically a voltage source inverter. 

 The power circuit of a single phase full bridge inverter comprises of four thyristors T1 to 

T4, four diodes D1 to D1 and a two wire DC input power source Vs.  

 Each diode is connected in antiparallel to the thyristors viz. D1 is connected in anti-parallel 

to T1 and so on.  

 

 

 Half of time period, thyristors T3 & T4 will be triggered while for the remaining half of time 

period, T1 & T2 will be triggered. 

  Only two thyristors are turned ON in half of the time period. 
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VII) 

a) Speed control of induction motor using stator voltage control. 

 Stator Voltage Control is a method used to control the speed of an Induction Motor. 

 The speed of a three phase induction motor can be varied by varying the supply voltage.  

 Torque developed is proportional to the square of the supply voltage and the slip at the maximum 

torque is independent of the supply voltage.  

 The Torque-Speed Characteristics of the three phase Induction motors for varying supply voltage: 

 

 By varying the supplying voltage, the speed can be controlled.  

 The voltage is varied until the torque required by the load is developed, at the desired speed.  

 The torque developed is proportional to the square of the supply voltage and the current is 

proportional to the voltage. 

 Hence, to reduce the speed for the same value of the same current, the value of the voltage is 

reduced and as a result, the torque developed by the motor is reduced.  

 This stator voltage control method is suitable for the applications where the load torque 

decreases with the speed. 

b) Induction cooking system control 

 Induction cooking uses electric currents to directly heat pots and pans through magnetic 

induction. 

  Instead of using thermal conduction (a gas or electric element transferring heat from a burner to 

a pot or pan), induction heats the cooking vessel itself almost instantly. 

 An electric current is passed through a coiled copper wire underneath the cooking surface, which 

creates a magnetic current throughout the cooking pan to produce heat.  
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 Because induction doesn’t use a traditional outside heat source, only the element in use will 

become warm due to the heat transferred from the pan.  

 Induction cooking is more efficient than traditional electric and gas cooking because little heat 

energy is lost. 

  Like other traditional cooktops, the evenly heated pots and pans then heat the contents inside 

through conduction and convection. 

Advantages of cooking with induction: 

 Boil 50% faster 

 Precise temperature control 

 Easy-to-clean surface 

 Auto-sizing burners 

VII) 

a) V/f control of three phase induction motor 

 Whenever three phase supply is given to three phase induction motor rotating magnetic field is 

produced. 

  Which rotates at synchronous speed given by 

 

 In three phase induction motor emf is induced by induction similar to that of transformer which 

is given by 

 

 Where, K is the winding constant, T is the number of turns per phase and f is frequency.  

 Now if we change frequency synchronous speed changes but with decrease in frequency flux 

will increase and this change in value of flux causes saturation of rotor and stator cores which 

will further cause increase in no load current of the motor .  

 So, it’s important to maintain flux, φ constant and it is only possible if we change voltage. 

   If we decrease frequency flux increases but at the same time if we decrease voltage flux will 

also decease causing no change in flux and hence it remains constant.  
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 So, here we are keeping the ratio of V/f as constant.  

 Hence its name is V/ f method.  

 For controlling the speed of three phase induction motor by V/f method we have to supply 

variable voltage and frequency which is easily obtained by using converter and inverter set. 

b) Single phase full converter DC drives 

 A full-converter needs four thyristors but no freewheeling diode. 

 Full converters are employed for both the armature and field supply.  

 Two quadrant operations is possible.  

 The converter in the armature circuit provides + Va or – Va thus allowing operation in first and 

fourth quadrants. 

 Current remains unidirectional because of the unidirectional thyristors.  

 When operating in the fourth quadrant regenerative braking is possible and motor feeds back 

energy to the source. 

  If αa and αf are the firing angles for the converters used in the armature and field circuits, the 

armature voltage Va and field voltage Vf are given as: 
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 During the time interval αa < ωt < π + αa, thyristors TH1 and TH3 conduct and connect the motor 

to supply. 

 At π + αa, thyristors TH2 and TH4 are triggered. Immediately the supply voltage appears in 

reverse bias across thyristors TH1 and TH3 and turns them off. This is natural or line 

commutation. The motor current is transferred from thyristors TH1 and TH3 to thyristors TH1 and 

TH4. 

 During the time interval αa to π energy is supplied to the motor (both v and i are positive and, 

therefore, are va and ia).  

 But during time interval π to π + αa, some of the motor energy is fed back to the supply (v and i 

and so the va and ia being of opposite polarity). The noteworthy point is that the fundamental of 

the current drawn from the supply mains lags behind the applied voltage by angle ɸ1 = αa. 

 The voltage and current waveforms for αa > 90° are illustrated in Fig. 3.9. The average motor 

terminal voltage is now negative. On reversing of the motor terminals, it will operate as a 

generator supplying power back to the ac supply. This is the inversion operation of the converter 

and is employed in regenerative braking of the motor. 
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IV) 

a) SMPS 

 SMPS is defined as, when the power supply is included with the switching regulator from 

converting electrical power from one form to another form with necessary characteristics is called 

switch mode power supply. 

  This power supply is used to attain regulated DC o/p voltage from the DC i/p voltage or 

unregulated AC. 

 

Topologies of SMPS 

 AC-DC 

 DC-AC 

 DC-DC 

 AC-AC 
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WORKING 

 

 The AC input supply signal 50 Hz is given directly to the rectifier and filter circuit combination 

without using any transformer.  

 This output will have many variations and the capacitance value of the capacitor should be higher to 

handle the input fluctuations.  

 This unregulated dc is given to the central switching section of SMPS. 

  The output signal from the switching section is again rectified and filtered, to get the required DC 

voltage.  

 This is a regulated output voltage which is then given to the control circuit, which is a feedback 

circuit. 
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b) Buck converter 

 

 Buck converter is a DC-DC converter. 

 It is also called as step down converter. 

 The output voltage is less than the input voltage. 

Mode 1 

 

 During ON time inductor will be charging. 

 Capacitor discharges to the load. 

 when switch is closed: VL = Vi -Vo 

 

 During OFF time inductor will be discharging 

 Capacitor charging 

 when switch is open : VL = -Vo 
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Waveform 

 

X) 

a) Static servo stabilizer 

 

Buck/Boost Transformer:  

  

 Connected between mains input and out of stabilizer of load terminals. 

  One terminal of primary of buck boost transformer permanently connected to fixed tapping of 

autotransformer while another end connect to motor shaft. 

Auto transformer:  

 Connected between neutral point and phase of input power supply. 

Motor: 

 When motor moves then this arm shaft moves across winding of autotransformer to increase or 

decrease number of winding. 

Motor Driver: 
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 It is purely electronic circuitry which controls movement of motor. 

 

Working  

 Voltage received from main at input of automatic voltage regulator is continuously sensed. 

 The microprocessor continuously receives values of input voltages.  

 Whenever there is high or low voltage at input, the microprocessor gives trigger to motor driver. 

 Based on amount of high voltage or low voltage observed at input, “motor driver” moves servo 

motor across winding of autotransformer so as to increase or decrease no of winding and hence 

voltage across primary of buck boost transformer. 

  It is since Servo motor shaft is connected to primary of buck boost transfer. 

  And hence when there is change in voltage across primary of buck boost transfer then induce 

voltage across its secondary also changes.  

 The motor moves in such a way that proper voltage should be observe across primary of Buck 

Boost transformer so that voltage across secondary should be equal to set or desired output 

voltage of servo stabilizer. And voltage across secondary of Buck Boost transformer is output 

voltage of stabilizer. 

 This process takes place continuously so as to correct input voltages. 

b) Offline UPS 

 

 

 Offline UPS supply grid power to electrical and electronic devices during normal power supply.  

 It switches to battery power only during power failures and other power problems.  

 As the grid power is bypassed to the load during normal power supply, it is known as Offline 

UPS.  

 As the UPS is used only during power problems it is also known as Standby UPS. 
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