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ABSTRACT 

 This paper describes a novel approach to improve the power factor (PF) and reduce the harmonics 

generated by an adjustable-speed drive (ASD) using H-Infinity controller and feasible test is conducted to 

verify the experimental results. A High-Frequency current injection technique is used to improve the 

harmonic performance and PF. The High Frequency current at the same switching frequency is injected in 

the input of a front-end rectifier from the output of an HF inverter. All the switches are operated at zero-

voltage switching. The diodes of the rectifier are also operated with soft switching at both turn-on and turn-

off. Varying switching frequency with a fixed duty ratio regulates the output voltage. The main feature of 

this circuit is that it does not require any additional active devices for current injection. The inverter driving 

the IM is operated using an H-infinity sinusoidal pulse width-modulation technique. The circuit simulation 

results for 0.5-hp induction motor is presented. 

 
Key words: Adjustable speed drive, High frequency, H-Infinity controller, Power factor, Total harmonic   distortion, Zero voltage 

switching. 

 

1.INTRODUCTION 

Power converters are mainly used in industrial applications due to the unforgettable progress made in 

the high power electronic devices. In most of the AC-to-DC power converters, PWM voltage source 

inverters supplied from a smooth DC link voltage is preferred. Most electronic equipment’s are energized 

with 50 Hz utility power in which 50% is processed through some power converters. These power 

converters use common and conventional diode bridge rectifier followed by a DC capacitor. Since these 

power converters consume energy from the supply only when the line voltage is higher than the DC voltage, 

the input line current contains more harmonics which affect the power system and interfere with other 

electronics equipment’s. So, these converters have a low power factor of 0.65. International concerns of 

power quality problems and pollution have brought the use of Power Factor Correction (PFC) converters to 

feed Induction motor which is used in number of low power applications because of its high efficiency and 
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wide range of speed and harmonic spectra. The filters composed of capacitors and inductors have been used 

for reducing current harmonics and improving the system power factor. These filters are expensive, huge 

and sensitive to the supply frequency. The scheme of High Frequency  current injection, proposed in is 

having a high component count and switch stress is high as they have to carry load current as well as HF 

injection current. In this paper, the converter which comprises of an Active Power Factor Correction Circuit 

and HF front-end three-phase diode rectifier is proposed. This paper presents the high-power-factor 

operation of AC-to-DC converter. The high-power-factor is obtained by injecting high-frequency  current, 

at the input of the front-end three-phase rectifier from the HF inverter. All the switches of the inverter 

shows zero voltage switching. The converter is  operating  in continuous conduction mode and uses a 

current multiplier approach with average current control. A high-power-factor is achieved by injecting high 

frequency triangular current from the output of the three-phase inverter. The HF current at the same 

switching frequency is injected into the input of a front-end rectifier from the output of an HF inverter. The 

main advantage of the circuit is that it does not require any additional active devices for current injection. 

The inverter driving the induction motor is operated using a SPWM technique. These converter topologies 

can be of potential interest for future work in this area. However they have lower switching losses, the 

additional control circuitry is required for their operation. The brief modeling and performance analysis is 

presented in this paper. 

 

2. PROPOSED TOPOLOGY 

 Harmonics present in the system are reduced by using capacitors and inductor which improves the 

power factor of the system. The system is built with reduced switching components. The simplified 

functional block diagram and circuit diagram of the proposed scheme are shown in below. It consists of a 3-

phase diode bridge rectifier with source inductors. A dc-link capacitance and a three-phase full-bridge 

inverter. It has a ripple current at the switching frequency therefore; the input dc source impedance seen by 

the inverter is small. Hence, a small value of the dc-link capacitance suffices. 

3. BLOCK DIAGRAM 

 

Fig.1 block diagram of an ASD 

The HF inverter output is fed to the 3-phase induction motor through small LC filters. The HF current from 

the inverter output is also feed back to the input of the diode bridge rectifier through an HF current 

injection network. The current injection network consists of three sets of inductor Lf and capacitor Cf. The 

inverter is operated using a sinusoidal PWM (SPWM) technique with a reference frequency of 50 Hz and a 

carrier frequency of 33 kHz. Thus, the HF current at 33 kHz is injected into the input of a front end 

rectifier from the output of an HF inverter. The SPWM switching signals are generated using H-Infinity 

controller. The inverter switches maintain zero-voltage switching (ZVS) for considerable period of the 

output phase voltage. Zero Voltage Switching is not maintained only at the peak of output voltage. The 

SPWM technique provides a maximum duty ratio, because of peak of the output phase voltage i.e., the 

“on” time period of the switch is longer when compared with the “off” time period. This off time period is 

not enough for the inverter output current to reset to zero. So, an anti parallel diode of the device does not 
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conduct before the conduction of the main switch, as the main switch continually conducting in the next 

switching cycle. Thus, the turn-on losses are reduced to a significant level, but they are not completely 

eliminated. Then on-ZVS period is eliminated by keeping a small modulation index and a maximum duty 

ratio of about 0.5. The turn-off losses are reduced by connecting a snubber capacitor Cn across each 

switch. 

4. PRINCIPLE OF OPERATION 

 

 The ac input line current of the 3-phase diode bridge rectifier has a discontinuity in 

periods 0◦ to 30◦, 150◦ to 210◦, and 330◦ to 360◦ in one cycle . This is because none of the diodes is 

forward biased in these periods. It is evident that the diode leg current the resultant sum of the line 

current iA and the injected currentiLf1. HF current injection modulates the diode leg voltage vA- at the 

injected frequency of 33 kHz. Therefore, the diode bridge rectifier operates at a high frequency. When 

irectA is positive, the upper diode D1 conducts, and when irectA is negative, the lower diode D4 

conducts. The modulated voltage provides a sufficient forward bias to the diodes during the valley 

period. Every diode turns on and turns off at the switching frequency and conducts a complete 180◦ 

period of the input voltage in the discontinuous mode. When none of the diodes on a leg of the input 

diode bridge rectifier is in conduction, the input ac line current through that phase is equal to the 

injected current. It can be seen that the front-end rectifier of the converter operation is similar to that of 

the three-phase PWM boost rectifier operating with continuous input  

currents.  

    Fig.2 Circuit Diagram 

 

 The diodes D1 and D4 of the input three-phase diode bridge rectifier turn-on and turn off at the rate of 

the switching frequency during the positive and negative half-cycles of the ac input supply voltage of phase 

A, respectively. When switch S1 turns on, the current through diode D1 linearly increases from 0 to its peak 

value ID1p. Similarly, when switch S4 turns on, the current through D1 linearly decreases from its peak value             

ID1p to 0. The current iD1 becomes zero at the end of the switching cycle. So, the current through the input 

rectifier is the HF triangular waveform in a sinusoidal envelope of the supply frequency. The current through 

the switched inductorLf1 is also a triangular waveform. It linearly decreases from +ILf1p to −ILf1p during the 

time interval Ton=dTs and linearly increases from  −ILf1p to +ILf1p  during the time  Toff = (1 −d)Ts, 

where d is the duty ratio, and Ton and Toff  are the on and off periods of the switching device of the HF 

inverter, respectively. The peak value of the rectifier current ID1p is equal to 2ILf1p. The peak values of the 

HF injected current and diode current vary over the cycle of the input supply voltage. In the HF current 

injection network, capacitor Cf  provides dc blocking for the HF injected current ILf1. Hence, the current ILf1 

is an alternating current without any dc offset, whereas the same current that is flowing through the diode is 

unidirectional. The peak-to-peak value of the HF injected current and the peak value of the current through 

D1 is the same i.e., ID1p= 2ILf1p.  
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5. SIMULATION OUTPUT 

 

 

Fig.3 Without current injection 

 

Fig.4 THD for without current injection 

 

Fig.5.With current injection 

 

 

Fig.6 With current injection by FFT analysis 
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6. CONCLUSION 

 

An ASD with high input PF and improved harmonic performance has been proposed. The 

PF of the three-phase ac input line current is improved by using HF current injection. The main advantage of 

this approach is that it does not require any additional active component for HF current injection. Due to the 

current injection at a high frequency, inductors Lf and capacitors Ci have small values. The inverter switches 

maintain ZVS for most of the period of the output phase voltage, except at the peak of the output voltage. A 

maximum duty ratio of about 0.5, By keeping a small modulation index, the non-Zero Voltage Switching 

period is eliminated. To study the performance of the proposed technique on a high-power drive, the 

converter feeding a 0.373-kW induction motor has been simulated using MATLAB SIMULINK. Detailed 

experimental results of the proposed scheme for a 0.5-hp induction motor have also been given to verify the 

performance of the proposed scheme. It is observed that the high PF is maintained under different loading 

condition 
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