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ABSTRACT

Switched Mode Power Supplies (SMPSs) are universally used in various household and
industrial applications due to their rugged and efficient nature, low cost, reliability and
compactness. The use of various single-phase and three-phase ac mains fed SMPS systems
are becoming commonplace in medical and electronic equipments such as laptops,
computers, cell-phones and net-books, chargers, small motor drives, utility interface with
non-conventional energy sources, welding power supplies, telecommunication tower power
supplies, aerospace and military environment and hence their demand is ever growing. As
technology advances, highly efficient power supplies are preferred by consumers so that their
size and weight are reduced. Most of these power supplies use ac-dc converters at the front-
end. Traditionally, ac-dc power conversion has been dominated by diode or phase-controlled
rectifiers which depict nonlinear characteristics and draw input currents which are rich in
harmonics and have poor power factor (PF), thus creating power quality problems in the
power distribution network and also for other electrical systems in the vicinity of these
converters. This lowers efficiency, and subjects system components to voltage and current
stresses thus lowering their shelf-life.

Increasing awareness about power quality and harmonics pollution has instigated most of
the power supply manufacturers to maintain total harmonic distortion (THD) and PF within
acceptable levels that are dictated by international standards, such as IEEE-519 and IEC-
61000. These standards have also imposed a constraint on the new electronic devices coming
up these days in terms of maintaining a reasonable input power quality. In fact, many of the
single-phase and three-phase ac mains fed power supplies are to be universally acceptable

only if they adhere to these specifications set by the international standards. Emphasis is laid



on the development of simple, economical and energy efficient SMPSs with low input
current harmonics and high PF. Of course, cost, size and availability of components are
challenging constraints to deal with the goal of high power quality, which should be achieved
while also maintaining low cost, compact size and design simplicity. Different methods for
improving power quality at the point of common coupling (PCC) for single-phase and three-
phase ac mains fed power supplies for personal computers (PCs) at low power rating and for
telecommunication towers at medium power rating are investigated in this research work.

The conventional computer SMPS is fed from a single-phase ac supply through a diode
bridge rectifier (DBR) followed by a filter capacitor. It draws highly distorted non-sinusoidal
current from the single-phase ac mains due to the uncontrolled charging of the capacitor. The
challenge is to achieve a sinusoidal input current irrespective of input voltage and load
variations with regulated dc output voltages and high PF that meets the international power
quality standards. Similarly, telecommunication tower power supplies fed by three-phase ac
mains are also expected to draw a sinusoidal unity PF current from the utility maintaining
galvanic isolation of the regulated dc output voltage. The challenge in this case is to provide
a suitable utility interface with a simple, low cost three-phase power supply system that
conforms to the international standard specifications.

This research work aims at mitigating the harmonics in the input ac mains of single-phase
and three-phase SMPS systems for PCs and telecommunication towers using various ac-dc
front-end converters. Detailed investigations have been carried out to provide suitable utility
interface for both low rated and medium rated power supply systems. Various single-stage
and two-stage power factor corrected (PFC) isolated and non-isolated converters, and also

bridgeless converters have been designed, modeled and developed to improve the power
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quality indices at single-phase ac mains for the PC power supply. Similarly, in three-phase ac
mains fed power supplies, single-stage and two-stage configurations have been investigated
for improving the power quality at PCC.

The simplest approach for harmonics current reduction with PFC in computer power
supply is by using various ac-dc buck-boost converters at the front-end. At the output of the
PFC converter, an isolated converter is used to achieve multiple dc voltages. The component
design of all the front-end converters have been carried out in discontinuous conduction
mode (DCM) for achieving simple control. This also aids in the reducing of second order
harmonics. Pulse width modulation (PWM) control technique is used for switching of the
high frequency switches used in the PFC converters.

Various bridgeless converter configurations have been explored to mitigate power quality
problems. These have been designed, modeled and simulated to demonstrate their improved
performance. These PFC bridgeless converters based SMPS systems have also been realized
in hardware and are able to perform well even under light load conditions and during input
voltage variations.

Three-phase ac mains fed single-stage and two-stage power supplies for
telecommunication systems are also presented in this thesis. The single-stage power supplies
are in demand due to the advantages like high efficiency, high power density, smaller
size/weight, load sharing capability and power expandability. The aim of the single-stage
configurations is to overcome the disadvantages of the three-stages of conversion (initially
PFC stage then the ac-to-ac stage and finally ac-to-dc stage in cascade) and to increase the
robustness and modularity of the overall power supply systems. The rating of the power

supply can be increased by employing multiple numbers of single-phase units. Various
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isolated dc-dc converter configurations have been designed, modeled and simulated in this
work to achieve low input current THD and close to unity PF at the three-phase ac mains.

Different configurations of telecommunication tower power supplies have been studied
using various PFC converters at the front-end. The front-end PFC provides regulated dc
output voltage to the isolation stage that makes use of a high frequency transformer (HFT)
for isolation. A front-end PFC converter with third harmonic current injection has been used
in the first configuration of the three-phase ac mains fed SMPS system. Third harmonic is
injected with a zig-zag transformer. It also provides a high magnetizing impedance path for
the line frequency voltage and low impedance for the zero sequence third harmonic current.
The design methodology and design values have been presented and the performance has
been evaluated at varying loads on the developed PFC harmonic injected boost converter.

The integrated boost converter configuration is used at the front-end for PFC and the
output converter configuration is used for voltage scaling and isolation. The closed loop
control of integrated boost converter consists of two loops, one is voltage control loop to
regulate the output voltage and another is current control loop to shape the three-phase input
ac mains current respectively. At the output stage, control scheme is used to regulate the dc
output voltage. The overall configuration ensures that the output voltages have been
regulated irrespective of input voltage and load variations with reasonable power quality at
the PCC.

The main contributions of this thesis are two-fold: (i) low rated single-phase ac mains fed
PC power supplies with improved power quality and stiff output voltage regulation have
been designed, modeled, simulated and developed using single-stage, two-stage and

bridgeless converter configurations, (i) medium power rated three-phase ac mains fed
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telecommunication tower power supplies have been designed, modeled, simulated and
developed for single-stage and PFC ac-dc converter based power supplies with improved
power quality. In both these cases, significant power quality improvements have been

achieved under varying loads and ac mains voltages.
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