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7. Single-phase Half – Controlled ( Semiconverter) 

Rectifier  
Fig. 7.1 (a) shows a single-phase half-controlled (semiconverter) rectifier. This 

configuration consists of a combination of thyristors and diodes and used to 

eliminate any negative voltage occurrence at the load terminals. This is because 

the diode Df is always activated (forward biased) whenever the load voltage 

tends to be negative. For one total period of operation of this circuit, the 

corresponding waveforms are shown in Fig. 7.1(b). 
 

 

 

   

 

 

 

 

 

 

 

 

 (a) Circuit  

                                                                                    (b) Waveform          

Fig.7.1 
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The average value of the load voltage Vdc can be calculated as follows,  
 

                            

 

 

 

 

 

Therefore, the average output voltage can vary from 0 to Vm /π when varying α 

from π to 0 respectively. 

 

The average value of the load current Idc as follows,  
                                                                     

  

                                                 

The rms value of the load voltage Vrms can be calculated as follows 
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7.2 Three-phase controlled rectifier  
1. Three- phase half – wave controlled rectifier ( p = 3)   
The Three- phase half – wave controlled rectifier is shown in Fig. 7.2 .As for 

the half – wave 3-phase uncontrolled diode rectifier, the load is connected 

between the converter positive terminal (cathodes of all thyristors) and the 

supply neutral. The diode with the highest voltage w.r.t. the neutral conducts. 

As the voltage of another diode becomes the highest, the load current is 

transferred to that device, and the previously conducting device is reverse-

biased and naturally commutated. The waveforms for the supply voltage, output 

voltage, and load current are shown in Fig.7.3 . 
 

 

 

 

   

  

 

 

 

 

 

 

 

 

 

Fig.7.2 Circuit. 
 

 

 

 

Note: 

α  is usually measured from 

 point P in Fig.7.3. 

 
 

 

 

 

 

 

 

 

 

 

    

                                                                                Fig.7.3 Waveforms.   
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The average value of the output voltage Vdc can be found as: 

 

Let      van= Vm sin ωt 

            Vbn = Vm sin( ωt - 2 π / 3) 

               Vcn = Vm sin( ωt - 4 π / 3) 
 

The average value of the load voltage wave is  
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The load current Idc is: 

 

                 Idc = 
3√3.𝑉𝑚

2𝜋𝑅
𝑐𝑜𝑠𝛼 

       

The operation of  the 3 – phase half – wave  rectifier with different values of  α 

is illustrated in Fig.7.4.It can be seen that this converter can operate either as a 

rectifier or as an inverter as  

 

            For          0⁰ <  α  < 90⁰               Rectifier  
                  90⁰ <  α  < 180⁰ Inversion  
  
 
Notes:             

1.      The mean output voltage is zero for 
2

 . The converter is idle   (no 

output) 

2. Negative average output voltage occurs when
2

 .  

3. Power inversion is possible, if a load with an e.m.f. to assist the current 

flow.  
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Fig.7.4 Output voltage waveform of the 3-phase half-wave rectifier for different 

values of firing angle α. Case of R-L load. 
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Or  
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For a 3-phase, half-wave circuit, p= 3, hence 
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The diode conduction angle is 



3

2
. 

2. Three- phase full – wave fully - controlled rectifier ( p = 6) 
The circuit configuration of the three- phase full – wave controlled rectifier is 

shown in Fig.7.5. In this circuit, the thyristor which has the most positive 

voltage at its anode conducts when triggered, and the thyristor with the most 

negative voltage at its cathode returns the load current, if triggered. The 

waveforms are shown in Fig. 7.6.  

 Commutation of the load current from one thyristor to the next occurs at 

the firing instant, when the incoming thyristor reverse biases the 

previously conducting thyristor.  

 The output dc voltage waveform is determined by the difference of 

potentials of the positive and negative rails.  

 

 

 

  

 

 

 

 

 

 

 

 

Fig.7.5 Three-phase, fully- controlled bridge converter circuit. 
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 Fig. 7.6 Waveforms 

 

Assuming continuous conduction, the average dc output voltage can be 

evaluated from the general p-phase formula: 















cos

sin

cos
/2

P

PVtdt
P

V
V lml

P

P

lml

dc 







   

Here  p = 6 , Vm l-l =√3Vm               where  Vm l-l = maximum line – to –line voltage, 

 

Vm = maximum line –to-neutral voltage. Hence 
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This converter operates in quadrants 1 and 4, developing both positive and 

negative polarity dc output voltage. For firing angles,                      the converter 

operates in quadrant 1 (giving positive output power, i.e., rectifier operation) 

and for                         , the operation is in quadrant 4 (giving negative output 

power, i.e., inverter operation). Operation in quadrant 4 is of course possible 

only when the load includes an active dc source, able to source power into the 

ac supply circuit. See Fig.7.7. 

 
Fig. 7.7 Operating quadrants of the  

3-phase Fully-C controlled converter 
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3. Three- phase full – wave , Half -controlled rectifier 

 
This converter is shown in Fig.7.8. It consists of three thyristors and three 

diodes with freewheeling diode across the load. It gives positive voltage and 

positive current only (not regenerative converter) i.e, it operates in the first 

quadrant only (Fig.7.9). 

  

 

 
 

Fig.7.8 

 

 

The output voltage is given by: 
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