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ABSTRACT 

Three-phase ac-dc power converters are widely used as front-end converters in various 

switched mode power supplies for telecommunications systems, aerospace, military 

environment etc. Traditionally, ac—dc power conversion has been dominated by diode bridge 

rectifiers which act as non-linear loads on the power systems and draw input currents which 

are rich in harmonics and have poor power factor, thus creating the power quality problem 

for the power distribution network. Different international standards like IEEE-519 and IEC-

1000-3-2 have been proposed to maintain the THD (Total Harmonic Distortion) and the 

Power Factor (PF) within the acceptable levels. This is especially important for guaranteeing 

universal applicability of telecommunication rectifier systems. Conventional power supplies 

in the telecommunication systems are being replaced by improved power quality converters, 

due to the advantages of operational behavior, systems technology, high efficiency and low 

cost. Different methods for improving the power quality at the three-phase input ac mains 

feeding medium capacity switched mode power supplies for telecommunication system are 

investigated in this research work. 

The basic requirements of the state-of-the-art telecommunication power supply 

equipments are to have a sinusoidal unity power factor input current, and also galvanic 

isolation of the regulated dc output voltage. Single-phase ac mains fed SMPSs meeting this 

requirement are well known and extensively used. However, for medium power supplies 

(6kW-18kW) three-phase ac-dc converter topologies are required at the front-end. The 

challenge is to provide a suitable utility interface with a simple, efficient, low cost and robust 

three-phase ac-dc converter. 
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This research work aims at mitigating the harmonics in the input ac mains of three-phase 

ac-dc converters for medium power 12kW telecom power supplies using various 

configurations of front-end converters. The ac-dc converters with higher number of pulses 

known as multipulse converters based on various autoconnected transformer configurations 

are used to improve the power quality indices at the ac mains. 

In this research work, different configurations of autoconnected transformer based 

multipulse ac-dc converter such as twelve, eighteen, twenty-four pulse converters feeding a 

medium capacity SMPS are designed, modeled and implemented for improving the power 

quality at input ac mains. The autoconnected transformers are considered in various 

configurations such as star, delta, polygon, delta-polygon, hexagon, fork, zig-zag connections 

etc. The main emphasis has been on reduction of magnetic rating, simpler configuration and 

ability to perform well under varying load conditions on the SMPS. It is also well known that 

increasing the number of supply phases also improves the power quality indices in ac-dc 

converters. Hence, in this work, autoconnected transformer based nine-phase ac-dc 

converters are also designed, simulated and studied in detail for front-end converters in these 

SMPSs. 

It is practically observed in this research work that the power quality indices in twelve-

pulse ac-dc converter feeding 12kW SMPS are not within the IEEE standard limits. In order 

to reduce the harmonic current at the input ac mains further, a detailed study of combination 

of twelve pulse ac-dc converter and a passive filter is made through design, simulation and 

hardware implementation. The effect of different configurations of the twelve-pulse 

converter and passive shunt filter on power quality indices is also studied for the front-end of 

telecom power supplies. A novel configuration of twelve-pulse ac-dc converter with a 
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reduced rating passive shunt filter has been designed, and developed which is able to perform 

well even under varying load conditions. 

Non-conventional pulse numbered ac-dc converters are based on the rectifier having 

number of input phases, which are not multiples of three. These ac-dc converters can be 

visualized as a combination of phase staggering and multiphase techniques. In this work, 

non-isolated non-conventional twenty and twenty-eight pulse ac-dc converters have been 

designed, modeled and simulated to study their performance for front-end converters of 

telecom power supplies. 

Furthermore, the recent telecom power supplies use three-phase modular converters as 

the front-end converters. This technology completely eliminates the power transformer at the 

front-end thereby reducing the size, weight and cost of the overall system. For medium 

capacity telecom power supplies isolated full-bridge and push-pull modular converters are 

preferred for low T D and power factor close to unity at the ac mains. In this circuit 

configuration, three identical single-phase buck/boost ac—dc converters are connected to the 

three-phase ac mains. Three-phase three-wire, four-wire and three-phase three-wire with 

virtual neutral configurations have been designed, modeled and simulated for modular ac-dc 

converters to improve the power quality at the front-end of the telecom power supplies. 

The final stage of the SMPS consists of full-bridge or push-pull isolated dc-dc converter. 

A high speed digital signal processor is used to implement the control for the dc-dc converter 

in the SMPS. This control has ensured that the output dc voltage is regulated irrespective of 

supply and load variations and also the supply current drawn is sinusoidal at unity power 

factor. 
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