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Abstract- Three-phase bridge rectifier circuits are 

extensively used in many high-power, low-cost 

applications over a wide range of both electronic and 

electrical power industries up to the 120kW level. They 

are applied in brushless excitation system for aircraft 

generators, static generator excitation schemes, road 

vehicle generator systems, high voltage ac-dc power 

conversion, and in wide range of d. c. motor and a. c. 

motor drives. Three-phase full-wave rectifier performance 

is examined in this paper. The output voltage is controlled 

by the firing angle δ. There is a constant connection 

between the currents and voltages on the a. c. side and the 

currents and voltages on the d. c. side.  The circuit 

equations are derived for the input quantities, and output 

quantities, based on a series RL load. 

 

Keywords: controlled three-phase rectifier, delay angle, 

six-pulse, continuous conduction, inductive load 

 

I. INTRODUCTION 

 

Fig. 1 shows a controlled six-pulse three-phase 

converter [1]-[4]. Controlled rectifiers are employed 

in many industrial schemes such as dc motor drives, 

electromechanical and electrometallurgical processes, 

magnet power supplies, dc transmission, portable 

hand tools, and uninterruptible power supplies [5]-

[6]. 
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Fig. 1 Six-pulse fully controlled three-phase rectifier 

There are six pulses of the output voltage per cycle, 

hence the description “six-pulses” [7]. The Current 

continuity has the positive effects of reducing the 

current ripples, and hence torque ripples in a motor 

[8]. Conduction begins when a gate signal is applied 

while the switch is forward biased. Switches are fired 

in the sequence they are numbered, with a phase 

difference of 60o. Only two switches conduct at a 

time – one odd-numbered and one even-numbered 

[9]-[10]. Any of these line-to-line voltages appears as 

an output voltage vo across the load when the 

appropriate switches conduct. For example, if S1 and 

S6 conduct simultaneously, then line voltage vab is 

applied across the load. The three-phase controlled 

rectifier provides two-quadrant operation, where the 

polarity of the output voltage can be positive or 

negative. The waveforms of the line-to-line voltages 

are shown in Fig. 2. At   vab acquires a greater 

positive value than any of the other five source 

voltages. 
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 Fig. 2 Waveforms of source line-to-line voltages. 

 

II. SUPPLIED-SIDE QUANTITY 

 

The instantaneous input current of a phase can be 

expressed in Fourier series. 
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Where  
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The rms value of the nth harmonic input current is: 
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The rms value of the fundamental current is: 
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The rms value of the input current is given as: 
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The total harmonic distortion (THD) of the input 

current is given by: 
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The waveform of the supply-side current is for 
o30=  is shown in Fig. 3 
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Fig. 3 Waveform of supply line current (is), for. 

o30=  is1 is fundamental component, and Ia = Io. 

The THD of the input current is found to be 31%; and 

the power factor is equal to 0.89 

 

The rectifier draws pulsed; fluctuating current is from 

the utility grid. These non-sinusoidal currents 

produce significant harmonic pollution, poor power 

factor, and voltage drop across the finite internal grid 

impedance and the voltage waveform in the vicinity 

becomes distorted [11]-[15]. Many strategies and 

topologies have been proposed to deal with this 

problem so as to meet the requirement of the 

standards. Among them are multi-pulse schemes due 

to their reliability, compactness, and effectiveness. 

Large ac input filter is also used to reduce high-

frequency input current ripples. 

 

III. OUTPUT QUANTITIES 

 

The output voltage is given as:  
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Where 

 

Average output voltage of the rectifier is:  
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The average load current is given by: 
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The output voltage vo and current io are shown in 

Fig. 4. 
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These plots are typical conditions of continuous-

current operation. Fig. 5 shows the waveforms when 

α = 90o. Thus as α increases, the converter operation 

tends to inversion. 
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Fig. 5 Output voltage and current for α = 90o 
 

IV. CONCLUSION 

 

The performance of controlled three-phase rectifier 

feeding an inductive load has been carried out in this 

paper. The average output voltage could be either 

positive or negative according to the value of α. 

When α exceeds 90o, the output voltage becomes 

negative, and the rectifier enters inversion mode. The 

total harmonic distortion (THD) of the input current 

is high (THD = 31%); and so, multi-pulse 

configurations or large ac input filters can be used to 

mitigate the effects of harmonic pollution. 
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