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ABSTRACT 

In the process of achieving increased energy efficiency, power density and reliability, switch 

mode power supplies (SMPSs) have become an accepted part of the electronic systems. SMPSs 

are now standard equipment for the majority of our industrial and home appliances due to their 

ruggedness, efficacy, low cost, compactness and reliability. As a result of their performance, 

SMPSs are widely used in the most applications to provide an efficient and effective source of 

power.  Moreover, with recent advances in semiconductors, magnetic and passive technologies 

make the SMPS an ever more popular choice in many electronic equipments such as for 

computers, LEDs, net-books, chargers, motor drives, telecommunication tower power supplies, 

military equipment, aerospace applications etc. and the demand is ever-increasing. Most of these 

power supplies utilize AC-DC converters at the front end that are either diode bridge or phase 

controlled rectifiers. Although these SMPSs are highly efficient, due to their non-linear behavior 

they draw highly distorted current resulting in low power factor (PF) and high total harmonic 

distortion (THD). This deterioration in power quality (PQ) leads to increased system losses, 

degrading the shelf-life of electrical equipments, high electromagnetic interference, etc. With the 

all pervasive nature of these SMPSs, distribution systems face escalated PQ issues which affect 

the other equipment in the electrical systems. The proliferation of SMPS in industrial 

applications has accentuated the PQ issues faced by utilities and consumers making the research 

on improved PQ utility interface come to the forefront and to look for a possible opportunity to 

mitigate the associated PQ problems. The increasing awareness about PQ and adverse effects of 

harmonics pollution have persuaded the power supply manufacturers to maintain THD and PF 

within the permissible levels which are imposed by international standards, such as IEEE-519 

and IEC-61000. In fact, these standards have enforced a constraint on the new electronic devices 

coming up these days in terms of maintaining a reasonable input PQ. Therefore, an emphasis is 

laid on the development of simple, economical and energy efficient SMPSs having high PF, low 

CF and reduced input current harmonics. Certainly, cost, size, design simplicity etc. are amongst 

the challenging constraints to deal with the goal to mitigate the input PQ issues.  

Arc welding is amongst the widely used and efficient welding processes in many industries. 

However, arc welding power supplies (AWPSs) are considered as a potential source of 

harmonics. This work is an endeavour to develop an AWPS with improved power factor and less 
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current harmonic content at the utility interface. The AWPSs that are currently available in the 

market are devoid of power factor correction and input PQ improvement.  An enhancement in 

the performance of AWPSs is required to achieve good process controllability, portability, 

improved efficiency and better PQ. Simplicity has always been one of the main features of 

medium and high capacity SMPSs. This constrains them to use a diode bridge rectifier (DBR) 

followed by a bulky DC link capacitor at the front end. The second stage usually comprises an 

isolated DC-DC converter. However, this type of conventional SMPS draws a highly distorted, 

harmonic rich, peaky input current having a poor PF at the AC mains leading to deterioration of 

the system performance. With significant variations in the load, it draws a highly non-sinusoidal 

input current at low PF resulting in a poor converter operation. This research work presents 

different methods of improving the PQ at the point of common coupling (PCC) for single-phase 

and three-phase AC mains fed AWPSs. It provides a thorough analysis of the converters and 

investigates to provide suitable utility interfaces for both types of AWPSs. As a result, with 

concise analysis and design approach, high performance improved PQ AWPSs with stiffly 

regulated output voltage along with overcurrent handling capability have been designed, 

simulated and developed in single-phase and three-phase configurations. 

Various single-stage and two-stage PFC-converters which have been classified into DBR 

based, bridgeless, interleaved, multilevel, modular and multipulse converter configurations for 

single-phase and three-phase systems have been designed, modeled and implemented in 

hardware to improve the PQ at the PCC. The single-stage SMPSs are preferred because of their 

advantages like high power density, simple control, high efficiency, reduced size and load 

sharing capability. However, two-stage power supplies are ideal for higher power ratings and 

enhanced control on output parameters. Besides, the control strategy of the PFC converters also 

plays a vital role in deciding the overall performance, complexity, cost and size of SMPS. In this 

work, most of the PFC converters have been designed to operate in discontinuous conduction 

mode (DCM), however, PFC converters of higher power rating function in continuous 

conduction mode (CCM). Ultimately, the output voltage and output current of the power supply 

are regulated depending on the loading conditions. Pulse width modulation (PWM) technique 

has been utilized for the switching of high frequency switches used in PFC converters. During 

the arc welding process, the load variations happen very rapidly over a wide range. This causes 

several problems such as spattering, poor weld bead quality, instability of arc length, etc. So, it is 
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expected of a good AWPS to work efficiently during light load as well as overload conditions. 

AWPS stands out as a special entity as compared to other power supplies because over-current 

limiting capability is mandatory for welding applications. The performances of the PFC 

converters in the AWPS are evaluated during their steady state operation, load variation and 

short circuit at the output terminals. 

Several non-isolated and isolated DBR based as well as bridgeless converter configurations 

have been investigated to mitigate the PQ issues associated with AWPSs. Bridgeless converter 

configurations have been realized to minimize the conduction losses of the converter and to 

improve thermal utilization. These DBR based and bridgeless converters have been designed, 

modeled and implemented in hardware to verify their performance during various operating 

conditions. Further, interleaved converters have been explored to increase the power rating of the 

SMPS and to reduce the input current ripple. By interleaving the PFC converters, the input 

current is bifurcated into two or more, therefore devices of reduced rating can be utilized. 

Hardware results also have been presented to validate the advantages of interleaving technique.  

In the case of three-phase AWPSs, multilevel, multipulse and modular converter 

configurations are presented. For the multi-level case, three-level converter has been used at the 

front end for PFC and isolated DC-DC converter has been used at the rear end for voltage 

scaling. The overall configuration ensures that the output voltage remains constant and output 

current is limited during the overload conditions. The simulated performances have also been 

verified experimentally on the developed prototype. In any power electronic circuit, lower order 

harmonics are dominant and form the majority of the harmonic content present in the AC mains 

current. An 18-pulse AC-DC converter configuration, that would eliminate until 17th harmonic, 

has been explored and analyzed for arc welding applications. With an increase in the pulse 

number, the cost and complexity of the overall system also increases. An 18-pulse converter 

turns out to be optimal because of fairly manageable level of complexity despite eliminating 

most of the lower order harmonics. Hence, an 18-pulse converter based AWPS has been 

designed, modeled and implemented to validate its viability and proficiency. The modular 

configuration utilizes single-phase modules to form three-phase power supply. The aim of this 

configuration is to make the SMPS robust and flexible in terms of maintenance and power 

expandability. Various isolated DC-DC converter configurations have been designed, modeled 

and simulated to reduce the input current THD and to achieve unity PF at the input AC mains.  
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The major contribution of this thesis is two-fold: (i) input PQ improvement by using PFC 

converters in single-phase and three-phase configurations and (ii) voltage regulation and over 

current limit at the output end. Therefore, AWPSs having improved PQ with output voltage and 

current regulation have been designed, modeled and implemented using single-stage and two-

stage PFC converters for single-phase and three-phase systems. The performance of the power 

supply has been investigated over wide range of loads. A substantial improvement in PQ indices 

has been achieved under varying loads apart from regulating the output voltage stiffly and 

limiting the current appreciably even under short circuit conditions.  
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Fig. 6.49 Input voltage, input current and output voltage and current of FB DC-DC 
converter during overload condition. 

Fig. 6.50 Supply voltage, supply current and output voltage and current of FB DC-DC 
converter. 

Fig. 6.51  Supply voltage, supply current and output voltage and current of bridgeless boost 
DC-DC converter.
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Fig. 6.52  Supply voltage, supply current and switch voltage stress of bridgeless boost 
converter. 

 

Fig. 6.53  Waveforms of supply voltage, supply current and boost inductor currents showing 
CCM operation. 

Fig. 6.54  Power quality indices and performance parameters of the bridgeless boost 
converter based AWPS at rated load; (a) input voltage and current; (b) Input 
power, PF and DPF; (c) Harmonic spectrum of input current, is. 

 

Fig. 6.55  Input voltage, input current and output voltage and current of FB DC-DC 
converter during light load condition. 

 

Fig. 6.56  Power quality indices and performance parameters of the bridgeless boost 
converter based AWPS during light load; (a) Input voltage and current; (b) Input 
power, PF and DPF; (c) Harmonic spectrum of input phase current, is. 

 

Fig. 7.1  Circuit Configuration of Cuk converter and isolated FB converter based AWPS. 
 

Fig. 7.2  Circuit Configuration of SEPIC and isolated FB converter based AWPS. 
 

Fig. 7.3  Circuit Configuration of zeta converter and isolated FB converter based AWPS. 
 

Fig. 7.4  Circuit Configuration of CSC converter and isolated FB converter based AWPS. 
 

Fig. 7.5  Circuit Configuration of I-CSC converter and isolated FB converter based AWPS. 
 

Fig. 7.6  Operating modes of Cuk converter during steady state for the duration of one 
switching cycle (a) Mode I; (b) Mode II; (c) Mode III; (d) Waveforms during one 
switching period. 

 

Fig. 7.7  Operating modes of SEPIC during steady state for the duration of one switching 
cycle (a) Mode I; (b) Mode II; (c) Mode III; (d) Waveforms during one switching 
period. 

 

Fig. 7.8  Operating modes of zeta converter during steady state for the duration of one 
switching cycle; (a) Mode I; (b) Mode II; (c) Mode III; (d) Waveforms during one 
switching period. 

 

Fig. 7.9  Operation of CSC converter for the duration of one switching cycle (a) Mode-I, 
(b) Mode-II, (c) Mode-III, (d) Waveforms during one switching period. 

 

Fig. 7.10  Operating modes of interleaved CSC converter during one switching period (a-f); 
(a) Mode-I; (b) Mode-II; (c) Mode-III; (d) Mode-IV; (e) Mode-V; (f) Mode-VI; 
(g) Waveforms during one switching period. 

 

Fig. 7.11  MATLAB model of Cuk converter based two-stage AWPS. 

Fig. 7.12  MATLAB model of non-isolated SEPIC based AWPS. 
 

Fig. 7.13  MATLAB model of non-isolated zeta converter based AWPS. 
 

Fig. 7.14  MATLAB model of CSC converter based AWPS. 
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Fig. 7.15  MATLAB model of interleaved-CSC converter based SMPS. 

Fig. 7.16  Experimental developed hardware of CSC converter based SMPS for arc welding. 

Fig. 7.17 Experimental prototype of interleaved-CSC converter based SMPS for arc 
welding.  

Fig. 7.18 Measured PQ indices of conventional AWPS at rated load with supply voltage at 
220V. (a) Conventional AWPS input voltage and current; (b) Input power and PF; 
(c) Harmonic spectrum of input current.

Fig. 7.19  Performance of Cuk converter based AWPS at full load.

Fig. 7.20  Waveform of input current and its harmonic spectrum at rated load.

Fig. 7.21  Performance of Cuk converter based AWPS during light load condition.

Fig. 7.22  Waveform of input current and its harmonic spectrum at light load.

Fig. 7.23  Performance of Cuk converter based AWPS during overload condition.

Fig. 7.24  Steady state performance of SEPIC based AWPS at full load.

Fig. 7.25  Waveform of the input current and its harmonic spectrum at rated load.

Fig. 7.26  Performance of SEPIC based AWPS during light load condition.

Fig. 7.27 Waveform of input current and its harmonic spectrum during light load.

Fig. 7.28  Dynamic performance of SEPIC based AWPS during overload condition.

Fig. 7.29  Performance of zeta converter based AWPS at full load.

Fig. 7.30  Waveform of input current and its harmonic spectrum at rated load.

Fig. 7.31  Dynamic performance of zeta converter based AWPS during light load condition.

Fig. 7.32  Waveform of input current and its harmonic spectrum during light load.

Fig. 7.33  Dynamic performance of zeta converter based AWPS during overload condition.

Fig. 7.34 Performance of CSC converter based AWPS at full load.

Fig. 7.35  Waveform of input current and its harmonic spectrum at rated load.

Fig. 7.36  Dynamic performance of CSC converter based AWPS during light load condition.

Fig. 7.37  Waveform of input current and its harmonic spectrum at light load.

Fig. 7.38  Performance of CSC converter based AWPS during overload condition.

Fig. 7.39  Performance of interleaved CSC converter based AWPS at full load.

Fig. 7.40  Waveform of input current and its harmonic spectrum at rated load.

Fig. 7.41 Dynamic performance of interleaved-CSC converter based AWPS during light
load condition.

Fig. 7.42  Waveform of input current and its harmonic spectrum during light load.
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Fig. 7.43  Dynamic performance of interleaved-CSC converter based AWPS during 
overload condition. 

 

Fig. 7.44  Input voltage, input current and output voltage and current of FB DC-DC 
converter. 

 

Fig. 7.45  Input voltage, input current and output voltage and current of CSC converter. 
 

Fig. 7.46  Input voltage, intermediate capacitor voltage and inductor current of CSC 
converter. 

 

Fig. 7.47  Input voltage, voltage and current stress of switch Sb intermediate capacitor 
voltage and inductor current of CSC converter. 

 

Fig. 7.48  PQ indices and performance parameters of the CSC converter based AWPS at 
rated load; (a) Input voltage and current; (b) Input power, PF and DPF; (c) 
Harmonic spectrum of input phase current, is. 

 

Fig. 7.49  Input voltage, input current and output voltage and current of FB DC-DC 
converter during light load condition. 

 

Fig. 7.50  PQ indices and performance parameters of the interleaved CSC converter based 
AWPS during light load; (a) Input voltage and current; (b) Input power, PF and 
DPF; (c) Harmonic spectrum of input phase current, is. 

 

Fig. 7.51  Input voltage, input current and output voltage and current of FB DC-DC 
converter during overload condition. 

 

Fig. 7.52  Input voltage, input current and output voltage and current of FB DC-DC 
converter. 

 

Fig. 7.53  Input voltage, input current and output voltage and current of interleaved CSC 
converter. 

 

Fig. 7.54  Input voltage, intermediate capacitor voltage and inductor current of interleaved 
CSC converter. 

 

Fig. 7.55  Input voltage, voltage and current stress of switch Sb1 intermediate capacitor 
voltage and inductor current of interleaved CSC converter. 

 

Fig. 7.56  PQ indices and performance parameters of the interleaved CSC converter based 
AWPS at rated load; (a) Input voltage and current; (b) Input power, PF and DPF; 
(c) Harmonic spectrum of input phase current, is. 

 

Fig. 7.57  Input voltage, input current and output voltage and current of FB DC-DC 
converter during light load condition. 

 

Fig. 7.58  PQ indices and performance parameters of the interleaved CSC converter based 
AWPS during light load; (a) Input voltage and current; (b) Input power, PF and 
DPF; (c) Harmonic spectrum of input phase current, is. 
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Fig. 7.59 Input voltage, input current and output voltage and current of FB DC-DC 
converter during overload condition. 

Fig. 8.1  Basic configuration of single phase two-stage SMPS. 

Fig. 8.2  Circuit configuration of the BL-Cuk converter based AWPS. 

Fig. 8.3 BL Cuk converter during (a) positive and (b) negative half-cycles of the supply 
voltage.  

Fig. 8.4  Circuit configuration of the BL-SEPIC based AWPS. 

Fig. 8.5 Operating circuits of BL SEPIC during (a) positive and (b) negative half-cycles of 
the supply voltage.  

Fig. 8.6 Circuit configuration of the BL-zeta converter based AWPS. 

Fig. 8.7  BL-zeta converter during (a) positive and (b) negative half-cycles of the supply 
voltage. 

 

Fig. 8.8  Circuit configuration of the BL- CSC converter based AWPS. 

Fig. 8.9 BL-CSC converter during (a) positive and (b) negative half-cycles of the supply 
voltage. 

Fig. 8.10 Operating modes of BL-Cuk converter during steady state for the period of one 
switching cycle.  

Fig. 8.11 Operating modes of BL SEPIC during steady state for the period of one switching 
cycle.  

Fig. 8.12 Operating modes of BL-zeta converter during steady state for the period of one 
switching cycle.  

Fig. 8.13 Operating modes of BL-CSC converter during steady state for the period of one 
switching cycle.  

Fig. 8.14 MATLAB model of BL-Cuk converter based AWPS. 

Fig. 8.15  MATLAB model of BL-SEPIC based AWPS. 

Fig. 8.16  MATLAB model of BL-zeta converter based AWPS. 

Fig. 8.17  MATLAB model of BL-CSC converter based AWPS. 

Fig. 8.18 Experimental setup of developed hardware of the BL-zeta converter based SMPS 
for arc welding. 

Fig. 8.19 Experimental setup of developed hardware of the BL-CSC converter based SMPS 
for arc welding. 

Fig. 8.20 Measured PQ indices of conventional AWPS at rated load with supply voltage at 
220V. (a) Conventional AWPS input voltage and current; (b) Input power and PF; 
(c) Harmonic spectrum of input current.



 xxxvi

Fig. 8.21  Performance of BL-Cuk converter based AWPS at full load. 
 

Fig. 8.22  Waveform of input current and its harmonic spectrum at rated load. 
 

Fig. 8.23  Performance of BL-Cuk converter based AWPS during light load condition. 
 

Fig. 8.24 Waveform of input current and its harmonic spectrum at light load. 
 

Fig. 8.25  Performance of BL-Cuk converter based AWPS during overload condition. 
 

Fig. 8.26  Performance of BL-SEPIC based AWPS at full load. 
 

Fig. 8.27  Waveform of input current and its harmonic spectrum at rated load.  
 

Fig. 8.28  Dynamic performance of BL-SEPIC based AWPS during light load condition. 
 

Fig. 8.29  Waveform of input current and its harmonic spectrum during light load. 
 

Fig. 8.30  Performance of BL-SEPIC based AWPS during overload condition. 
 

Fig. 8.31  Performance of BL-zeta converter based AWPS at full load. 
 

Fig. 8.32  Waveform of input current and its harmonic spectrum at rated load. 
 

Fig. 8.33  Performance of BL-zeta converter based AWPS during light load condition. 
 

Fig. 8.34  Waveform of input current and its harmonic spectrum during light load. 
 

Fig. 8.35  Performance of BL-zeta converter based AWPS during overload condition. 
 

Fig. 8.36  Performance of BL-CSC converter based AWPS at full load. 
 

Fig. 8.37  Waveform of input current and its harmonic spectrum at rated load. 
 

Fig. 8.38  Performance of BL-CSC converter based AWPS during light load condition. 
 

Fig. 8.39  Waveform of input current and its harmonic spectrum during light load. 
 

Fig. 8.40  Performance of BL-CSC converter based AWPS during overload condition.  
 

Fig. 8.41  Input voltage, input current and output voltage and current of FB DC-DC 
converter. 

 

Fig. 8.42  Input voltage, intermediate capacitor voltage, input inductor current and output 
inductor current of BL-zeta converter during positive half cycle of the input 
voltage. 

 

Fig. 8.43  Input voltage, voltage switch stress of the switch conducting in positive half cycle 
and voltage switch stress of the switch conducting in negative half cycle of the 
input voltage. 

 

Fig. 8.44  Input voltage, switch stress of the switch conducting in positive half cycle of the 
input voltage. 

 

Fig. 8.45  Enlarged waveforms of voltage and current stresses of switch conducting in 
positive half cycle of input voltage. 
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Fig. 8.46 PQ indices and performance parameters of the BL-zeta converter based AWPS at 
rated load; (a) Input voltage and current; (b) Input power, PF and DPF; (c) 
Harmonic spectrum of input phase current, is. 

Fig. 8.47 Input voltage, input current and output voltage and current of FB DC-DC 
converter during light load condition. 

Fig. 8.48 PQ indices and performance parameters of the BL-Zeta converter based AWPS 
during light load; (a) Input voltage and current; (b) Input power, PF and DPF; (c) 
Harmonic spectrum of input phase current, is. 

Fig. 8.49 Input voltage, input current and output voltage and current of FB DC-DC 
converter during overload condition. 

Fig. 8.50 Input voltage, input current and output voltage and current of FB DC-DC 
converter. 

Fig. 8.51 Input voltage, voltage switch stress of the switch conducting in positive half cycle 
and voltage switch stress of the switch conducting in negative half cycle of the 
input voltage. 

Fig. 8.52 Input voltage, inductor current and intermediate capacitor voltage of BL-CSC 
converter during positive half cycle of the input voltage. 

Fig. 8.53 Input voltage, switch stress of the switch conducting in one half cycle of the input 
voltage. 

Fig. 8.54 Enlarged waveforms of voltage and current stresses of switch conducting in 
positive half cycle of input voltage. 

Fig. 8.55 PQ indices and performance parameters of the BL-CSC converter based AWPS at 
rated load; (a) input voltage and current; (b) Input power, PF and DPF; (c) 
Harmonic spectrum of input phase current, is. 

Fig. 8.56 Input voltage, input current and output voltage and current of FB DC-DC 
converter during light load condition. 

Fig. 8.57 PQ indices and performance parameters of the BL-CSC converter based AWPS 
during light load; (a) Input voltage and current; (b) Input power, PF and DPF; (c) 
Harmonic spectrum of input phase current, is. 

Fig. 8.58 Input voltage, input current and output voltage and current of FB DC-DC 
converter during overload condition. 

Fig. 9.1  Circuit configuration of the proposed VR based AWPS. 

Fig. 9.2 Eight different switching combinations tabulated in Table-9.1; denoted by the 
triple of the phase switching functions (Sa, Sb, Sc). (a) (ON, ON, ON); (b) (ON, 
ON, OFF); (c) (ON, OFF, OFF); (d) (ON, OFF, ON); (e) (OFF, OFF, ON); (f) 
(OFF, ON, ON); (g) (OFF, ON, OFF); (h) (OFF, OFF, OFF). 
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Fig. 9.3  Control scheme used for VR. 
 

Fig. 9.4  Simulation model of three phase VR based SMPS for arc welding application. 
 

Fig. 9.5  Developed hardware of proposed VR based SMPS. 
 

Fig. 9.6  Steady state performance of VR based AWPS using MATLAB/Simulink 
environment. 

 

Fig. 9.7  Waveform of input AC mains phase ‘a’ current (is) along with its harmonic 
spectrum at 415V. 

 

Fig. 9.8  Dynamic performance of VR based AWPS during light conditions and at input 
voltage of 415V. 

 

Fig. 9.9  Waveform of input ac mains phase ‘a’ current (is) along with its harmonic 
spectrum at 20% load. 

 

Fig. 9.10  Performance of VR based AWPS during short circuit condition. 
 

Fig. 9.11  Recorded waveforms of vab, ia, Vo and Io at rated load condition. 
 

Fig. 9.12  Recorded waveforms of vab, ia, Vd and Id at rated load condition. 
 

Fig. 9.13 Recorded waveforms of DC-link capacitors’ voltage VC1 and VC2. 
 

Fig. 9.14  Recorded waveforms of vab, ia, VBA and Vd. 
 

Fig. 9.15  Recorded waveforms of vab, ia, ib and ic. 
 

Fig. 9.16  Recorded PQ indices of the proposed SMPS at rated load with line voltage as 
230V; (a) Proposed SMPS input voltage and current; (b) Input power and DPF; 
(c) Harmonic spectrum of input phase current, ia; (d) Harmonic spectrum of input 
line voltage, vab.   

 

Fig. 9.17  Waveforms of vab, ia, Vo and Io under light load condition. 

Fig. 9.18  Recorded PQ indices of the proposed SMPS at light load with line voltage as 
230V; (a) Proposed SMPS input voltage and current; (b) Input power and DPF; 
(c) Harmonic spectrum of input phase current, ia; (d) Harmonic spectrum of input 
line voltage, vab.    

 

Fig. 9.19  Waveforms of vab, ia, Vo and Io under overload condition. 

Fig. 10.1  Circuit configuration of 18-pulse AC-DC converter based AWPS. 

Fig. 10.2  Winding diagram of delta-polygon connected autotransformer based 18-pulse 
AC-DC converter. 

 

Fig. 10.3  Phasor diagram of delta-polygon connected autotransformer based 18-pulse AC-
DC converter. 

 

Fig. 10.4  Winding currents between phase ‘a’ and ‘b’ for a delta polygon autoconnected 
transformer based 18-pulse AC-DC converter. 
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Fig. 10.5  Input current ia of three-phase DBR, winding currents (iab1 and iac1) and input line 
current (isa) of a delta polygon autoconnected transformer based 18-pulse AC-DC 
converter.  

Fig. 10.6 Simulation model of three phase 18-pulse converter based SMPS for arc welding 
application. 

Fig. 10.7  System configuration of the developed laboratory prototype. 

Fig. 10.8  Developed hardware of proposed 18-pulse AC-DC converter based AWPS. 

Fig. 10.9 Steady state performance of the multipulse converter based AWPS in 
MATLAB/Simulink. 

Fig. 10.10  Waveform of input AC mains phase ‘a’ current (isa) along with its harmonic 
spectrum at 415V. 

Fig. 10.11 Waveform of input AC mains phase ‘a’ current (isa) and DBR currents- ia, ia1and 
ia2. 

Fig. 10.12  Waveforms of intermediate current components iab1, ibc4, iac5 and iab3. 

Fig. 10.13  Dynamic performance of multipulse converter based AWPS during light 
conditions.  

Fig. 10.14  Waveform of input AC mains phase ‘a’ current (is) along with its harmonic 
spectrum at 20% load. 

Fig. 10.15  Performance of proposed AWPS during short circuit condition. 

Fig. 10.16  Recorded waveforms of vab, ia, Vo and Io at rated load condition. 

Fig. 10.17 Recorded PQ indices of the proposed AWPS at rated load with line voltage as 
170V; (a) Proposed AWPS input voltage and current; (b) Input power and DPF; 
(c) Harmonic spectrum of input phase current, ia; (d) Harmonic spectrum of input
line voltage, vab.

Fig. 10.18 Input currents of DBRs to illustrate the phase-shifted operation of 18-pulse AC-
DC converter. 

Fig. 10.19 Recorded waveforms input currents of DBRs (a) Waveform of current ia, (b) 
Waveform of current ia1 and (c) Waveform of current ia2. 

Fig. 10.20  Recorded waveforms winding currents (a) Waveform of current iab1, (b) 
Waveform of current ibc4, (c) Waveform of current iac5, (d) Waveform of current 
iab3, (e) Waveform of current iac1. 

Fig. 10.21  Waveforms of vab, ia, Vo and Io under light load condition. 

Fig. 10.22 Recorded PQ indices of the proposed AWPS at light load with line voltage as 
170V; (a) Proposed AWPS input voltage and current; (b) Input power and DPF; 
(c) Harmonic spectrum of input phase current, ia; (d) Harmonic spectrum of input
line voltage, vab.
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Fig. 10.23  Waveforms of vab, ia, Vo and Io under overload condition. 
 

Fig. 11.1  Basic configuration of three-phase single-stage SMPS. 
 

Fig. 11.2  Basic configuration of three-phase single-stage BL-SMPS. 
 

Fig. 11.3  Schematic of a modular FB buck converter based AWPS. 
 

Fig. 11.4  Schematic of a modular push-pull converter based AWPS. 
 

Fig. 11.5  Schematic of modular isolated Cuk converter based AWPS. 
 

Fig. 11.6  Schematic of modular isolated zeta converter based AWPS. 
 

Fig. 11.7  Schematic of a BL-modular isolated Cuk converter based AWPS. 
 

Fig. 11.8  Circuit configuration of a BL-modular zeta converter based AWPS. 

Fig. 11.9  Operation of FB buck converter (a) Mode-I: switch S1 and S4 conducting, (b) 
Mode-II: both the switches are off, (c) Mode-III: Output Inductor in DCM, (d) 
Mode-IV: switch S2 and S3 are on, (e) Mode-V: both the switches are off, (c) 
Mode-VI: Output Inductor in DCM. 

 

Fig. 11.10  Operation of push-pull buck converter (a) Mode-I: switch S1 conducting, (b) 
Mode-II: both the switches are off, (c) Mode-III: Output Inductor in DCM, (d) 
Mode-IV: switch S2 is on, (e) Mode-V: both the switches are off, (c) Mode-VI: 
Output Inductor in DCM. 

 

Fig. 11.11  MATLAB model of FB modular converter based AWPS. 
 

Fig. 11.12  MATLAB model of push-pull modular converter based AWPS. 
 

Fig. 11.13  MATLAB model of Cuk modular converter based AWPS. 
 

Fig. 11.14  MATLAB model of zeta modular converter based AWPS. 
 

Fig. 11.15  MATLAB model of BL-Cuk modular converter based AWPS. 
 

Fig. 11.16  MATLAB model of BL-zeta converter based modular AWPS. 
 

Fig. 11.17  Performance of FB modular converter based AWPS at full load. 
 

Fig. 11.18  Waveform of input current (isa) and its harmonic spectrum at rated load. 
 

Fig. 11.19  Dynamic performance of FB modular converter based AWPS during light load 
condition. 

 

Fig. 11.20  Waveform of input current and its harmonic spectrum at light load. 
 

Fig. 11.21  Performance of FB modular converter based AWPS during overload condition. 
 

Fig. 11.22  Performance of push-pull modular converter based AWPS at full load. 
 

Fig. 11.23  Waveform of input current (isa) and its harmonic spectrum at rated load. 
 

Fig. 11.24  Dynamic performance of push-pull modular converter based AWPS during light 
load condition. 
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Fig. 11.25  Waveform of the input current and its harmonic spectrum at light load. 

Fig. 11.26 Performance of push-pull modular converter based AWPS during overload 
condition. 

Fig. 11.27  Performance of isolated Cuk modular converter based AWPS at full load. 

Fig. 11.28  Waveform of input current (isa) and its harmonic spectrum at rated load. 

Fig. 11.29 Dynamic performance of isolated Cuk modular converter based AWPS during 
light load condition. 

Fig. 11.30.  Waveform of input current and its harmonic spectrum at light load. 

Fig. 11.31 Performance of isolated Cuk modular converter based AWPS during overload 
condition. 

Fig. 11.32  Performance of isolated zeta modular converter based AWPS at full load. 

Fig. 11.33  Waveform of input current (isa) and its harmonic spectrum at rated load. 

Fig. 11.34 Dynamic performance of isolated zeta modular converter based AWPS during 
light load condition. 

Fig. 11.35  Waveform of input current and its harmonic spectrum at light load. 

Fig. 11.36 Performance of isolated zeta modular converter based AWPS during overload 
condition. 

Fig. 11.37  Performance of isolated BL-Cuk modular converter based AWPS at full load. 

Fig. 11.38  Waveform of input current (isa) and its harmonic spectrum at rated load. 

Fig. 11.39  Dynamic performance of isolated BL-Cuk modular converter based AWPS during 
light load condition. 

Fig. 11.40.  Waveform of input current and its harmonic spectrum at light load. 

Fig. 11.41  Performance of isolated BL-Cuk modular converter based AWPS during overload 
condition. 

Fig. 11.42  Performance of isolated BL-zeta modular converter based AWPS at full load. 

Fig. 11.43  Waveform of input current (isa) and its harmonic spectrum at rated load.  

Fig. 11.44 Dynamic performance of isolated BL-zeta modular converter based AWPS during 
light load condition. 

Fig. 11.45  Waveform of input current and its harmonic spectrum at light load. 

Fig. 11.46  Performance of isolated BL-zeta modular converter based AWPS during overload 
condition. 
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n HFT Turns Ratio 

N1 Number of Turns of Primary Winding of HFT 

N2 Number of Turns of Secondary Winding of HFT 

Pin Input Power (W) 

Po Output Power (W) 

Ro Resistive Load at the Output (Ω) 

ΔVo Ripple Voltage (V) 

Vb Output Voltage of First Stage (V) 
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