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Abstract 
 

Power is an important factor which need to be maintained at a good quality everywhere 

in the world. The quality of power supplied gets disturbed due to numerous factors. 

While transforming the energy from one form to another, there are observable 

disturbances present in the quality of power. These variations even at a small level 

creates major problems for the users at different levels. Such variations are cured by 

mitigation techniques. Here in this paper a space vector modulation of a boost converter 

related system is proposed to advance the power quality especially in an inverter system 

which is feeding a AC motor namely a permanent magnet synchronous motor. Such 

drives  can be utilised in various fields starting from domestic to medical applications 

as well as for  various industrial applications with reduced number of switches. Which 

is comparatively more economical that all the other techniques suggested for power 

quality improvement in the previous literature and the total harmonic distortion is less 

with a percentage of 1.55. 

 

Keywords: Power quality, PWM-technique, Voltage Source Inverter, Permanent  

                     magnet synchronous motor, Boost converter. 

 

1 Introduction 
 In the advanced era, the problems relating to maintain a proper quality of power 

exist among all the levels of customers. These variations in power arise because of the 

power electronic converters. The setup of power electronics used for transforming the 

various levels of power and forms are named as nonlinear load as they are observed to  
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create issues on the quality of power supplied and delivered. Suitable solutions were 

suggested and practiced by various researchers for the betterment of the quality of 

power. The solutions suggested are required to abide by the power quality related 

practices, norms as well as standards [1]. 

The problem which is now for discussion is the harmonics present in the input 

and the cause for the same are the power electronic equipment’s. These harmonics are 

sorted as current as well as voltage harmonics. The correction for the problem due to 

harmonics are made with the help of filters (series and parallel). The nonlinear loads 

whether it is voltage or current each one have dual relationship with respect to the other 

one [2]. The load in this research is the synchronous motor which is fed by an inverter. 

Inverters are either controlled at the input end, control within or at the output end. Thus 

various combinations were made to make compensations, hence wave shaping 

techniques were used that are classified as passive and active [3, 4]. 

A combination of filters (passive) in addition to converters have been in 

existence, such techniques were used in power ratings at a high level. The Synchronous 

motor drive based load which is fed by a LCI and a chopper with a diode rectifier are 

observed to have dual relationships with respect to each other which is used in circuits 

and its properties; hence tuned filters (passive) were used along with converters using 

thyristors; on the other hand passive filters which are series tuned can be used with 

converters based on thyristors such combinations can be used in compensations on 

current harmonics [6, 7]. 

Passive filters capable of tuning were also found to have applications in multi-

pulse converters which are of both controlled as well as uncontrolled categories. In a 

converter (controlled) notches present in the input voltage waveforms were reduced 

drastically with the help of a passive filter and hence providing a compensation for the 

reactive power which is very much required by the converter. Such compensations 

reduces THD in the current waveform of AC mains thereby improving the power factor 

during partial load conditions. Thus the benefits of passive filters are many, however 

they are bulky in volume in addition to have some losses which shrinks the overall 

system efficiency [10, 11]. 

A cascaded chopper along with a rectifier with bridge configuration using 

diodes, rectifies the AC power. With the help of transformer these configurations are 

used along with a diode rectifier which is an uncontrolled one for providing a bulk DC 

bus voltage. The   corresponding modulation of the current is provided by means of a 

bus voltage (DC) which is in bulk. This supplies current to a drive of synchronous motor 

fed by a LCI circuit. The diode rectifier provides a DC  output in an unregulated form 

to the chopper and will operate at a voltage which is observed to be higher than the load 

voltage at a maximum and hence as a resultant the losses are measured to be at a 

minimum[17,18]. 

With a condition of load voltage at a minimum or in other words with 

amplification in voltage (line) and the current measured at the output were required to 

be maintained at a same level. The transformer based phase controlled rectifier remains 

the same, for the above conditions, however the reduction of transformer current in a 

cascaded diode rectifier with a chopper system is less possible. As a result the VA 

consumption is small and as a result the efficiency is high for a diode rectifier rather 

than a phase controlled SCR rectifier maintained at constant conditions [8, 9]. Several 

topologies have been reported to mitigate the harmonics in the drive with synchronous 

motor load which is fed by a load commutated inverter and to improve the power quality 

of the AC drives. 
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2 Related Works 
Since Wiley, et.al (2000) explained the causes of harmonics and the related 

power quality problems. It also deals with control, topology and design aspects involved 

in three phase power factor correction techniques (PFC).Various rectifier topologies 

were also presented which can be applied for various applications. Soft switching 

techniques, including zero current and zero voltage switched PWM techniques, were 

discussed in detail. Control strategies were discussed in detail. 

 Singh, et.al (2008) Discusses majorly on the generation of harmonics 

especially in Synchronous motor drives. This research also discusses about the 

configuration of a multi-pulse based ac to dc converter, their performance, aspects on 

power quality, selection of components, latest trends, future developments and the 

corresponding applications.  

Villablanca, et.al (2001) this research work was dealing with various harmonic 

minimization techniques which is under existence. 

Mary, et.al (2002) Load commutated inverter based design was discussed in 

detail in this research. The design aspects considers the minimization of cost as well as 

the improvement of the quality of power by minimizing the THD of the wave shape by 

retaining the input wave in sinusoidal form. 

Sun, et.al (2001) Electromagnetic design of a 6-phase LCI synchronous motor 

was discussed in detail in this research. The power factor characteristics and related 

commutation features, power flow, harmonic losses and the efficiency were taken into 

consideration 

Simon, et.al (2005) A 12 pulse based LCI-synchronous motor drive modelling, 

numerical simulation and performance comparisons were discussed in detail in this 

research. Modelling of a 6 phase controlled synchronous motor was also discussed along 

with its advantages and demerits. The measured torque which is pulsating in nature were 

discussed along with the compensation techniques. 

 

 

3 Conventional Active Wave  Shaping Topologies 
When the applications are in high power rating then active wave shaping 

topologies using active filters with rectifiers can be a right solution. The filters involved 

are costlier also they require difficult control strategies. When the active filters converter 

ratings are taken into consideration then they are measured to be equal to the rating of 

the load. Accordingly the losses are at an increased rate. At such conditions it is 

advisable to connect a converter which makes a change from alternating current to direct 

current resulting in efficiency improvement, minimum size and a direct current in a 

regulated form.[5,6]. 

  

4 Hybrid Wave Shaping Topologies 
An advanced strategy of combining active topology with the passive topology  

and can be called as multi pulse rectifier chopper may be a better technique for reduction 

of harmonics in load commutated inverter which is driving a synchronous motor load. 

Out of various topologies available the current topology is proved to have low magnetics 

and reduced THD.A multi pulse rectifier at the input along with the chopper is used for 

reduction in the  rate of THD and improvement in power quality[7,8].  
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5 Proposed Topology 
Employing a controlled converter for the harmonic reduction or on the other hand 

an uncontrolled converter which allows the current (harmonic) through transformer 

where there is always a need for a specific bridge to be fed by another one. The 

fundamental harmonic order is NKn±1, where N represents total rectification pulses in 

one complete cycle and Kn ,a positive integer. The shift in phase depends on the number 

of six pulse converter used for a system. If  n number of six pulse converters are used 

then the phase shift is 60º/n. [9] 

 

 

                                              Figure 1 Inverter Output Using PWM Technique 

 

 

Figure 2 Harmonic Levels Using PWM technique 
 

 

  A conventional method of PWM technique based inverter control is established 

and the corresponding output of the inverter and the THD measurements were made for 

the input waveform which is presented in figure 1 and figure 2. 
 

 

6 Advanced Techniques for the Inverter Control of Synchronous 
Motor Drive   

An advanced control of using a multi pulse converter associated with a chopper 

and an inverter switching control is achieved by means of a space vector pulse width 

modulation which can be called as an effective means of inverter control. There are six 

sectors named as sector1 to sector6 and the sectors are given by the number  

100,110,010,011,001 and 101.Accordingly the switch control is carried out for the 

operation of the inverter. 

 



 

 

 

 

Power Quality Improvement in Inverter Fed PMSM Drives using Hybrid Techniques 

306   

 

 

 

 

Figure 3 Space vector plane 

 
6.1  

 

Figure 4  Reference vector location in sector 1 

 

If Ta is sampling period, 
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Ta2 = mTasinα 

6.2  

                                                     
Table1 switching pattern of SVPWM control 

 

                                 

 

 

 

 

 

The various switching patterns according to the sectors are predicted in table.1. 
 

7 Reduction of Harmonic Effects  
The incorporation of the Hybrid topology with the passive wave shaping 

techniques such as the use of the filters and Active wave shaping techniques (SV-PWM) 

for the closed loop control of the synchronous motor drive mitigates the harmonics 

effectively [9-11] 

 

8  Performance of various Topologies and Results  
A hybrid topology based system is modelled using MATLAB version for an 

AC drive system. A steady state condition is maintained. The frequency is 50 Hz. A 

non-varying voltage of input supply is provided along with the condition of load being 

constant. 

 

 
Figure 5 Simulation using 6 pulse converter and SVPWM 
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Figure 6 THD using SVPWM 

 

THD Level of the Hybrid topology of the Load commutated inverter which 

accounts to about 1.55 percent which is well within the International standards for PQ 

in AC mains. 

 

 

 
 

                                                               Figure 7 Rotor speed(RPM) 

 

Stable speed operation is achieved using the closed control with the PWM 

techniqu, constant speed is achieved which is of prime importance for the synchronous 

motor drives. 

                    

 

  

Figure 8 Inverter Output Using SVPWM 
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9  Inference  
Using the current system it is been validated through the simulation of a system 

through the comparison of a pulse width modulation technique of control within 

inverters and the corresponding THD is measured for the input  waveform which is 

showing a percentage of 21 and in the same manner without disturbing the setup if the 

inverter control through SV-Pulse width modulation and the THD is drastically reduced 

to a percentage of 1.5 with reduced number of switches. 

 

10 Conclusion 
Major industries use synchronous motor drive for their various requirements 

which need a very good quality maintained power. Hence for such requirements to get 

achieved the better solution will be the used of best topologies together which is 

combining a input control of a multi pulse  involving a chopper in addition to it and a 

SV- pulse width modulation has proved to improve the quality of power. This mode of 

reduction is always better than the existing system of using an increased rate of 

converters at the input side for improving the power quality. Thus this  system can be 

used by all people in common to various application including medical field also along 

with various commercial, house hold applications.  
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