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Three-phase Rectification 

 Controlled Three -Phase Rectifiers  

Features of Three -phase controlled rectifiers are: 

 Operate from 3 phase ac supply voltage. 

 The output can be controlled by substituting SCRs for diodes. 

 They provide higher dc output voltage and higher dc output power. 

 Higher output voltage ripple frequency. 

 Filtering requirements are simplified for smoothing out load voltage and load current. 

 Three-phase controlled rectifiers are extensively used in high-power variable speed 

industrial dc drives. 

 

1) Half-Wave Rectifiers 

 Three single-phase half-wave converters are connected together to form a three-phase 

half-wave converter. 

 The thyristor will conduct (ON state), when the anode-to-cathode voltage is positive and 

a firing current pulse is applied to the gate terminal. Delaying the firing pulse by an angle 

α controls the load voltage. 

 The firing angle α is measured from the crossing point between the phase supply voltages. 

 The possible range for gating delay is between α = 0◦ and α = 180◦, but because of 

commutation problems in actual situations, the maximum firing angle is limited to around 

150◦. 

 Case of resistive load 
 

 

 

 
 

 

 

 

 

 

 

 

 

 

 



# For Different Trigger Angles: 

 

A.  For  α ≤ 30o 
 

 

 

 

 

 

 

 

 

 

 

 

                           =0                                                                            =30 

 

 

 

 



  

 

 
 

 
 

 

 

                          (at Load) 

 



B. For  α < 30o 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

                    =60                                                                                          =90                                                                    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                       =120                                                                               =150 

 

 
 

 

 
 



 

 
 

 

 

                             (at Load) 

 

𝑰𝑻,𝒂𝒗𝒈 =  𝑰𝒔,𝒂𝒗𝒈 =
𝑰𝒐,𝒂𝒗𝒈

𝟑
 

 

𝑰𝒔,𝒓𝒎𝒔 = 𝑰𝑻,𝒓𝒎𝒔 =  
 𝑰𝒐,𝒓𝒎𝒔

√𝟑  
 

 

𝑷𝒐 = 𝑹. ∗ 𝑰𝒐,𝒓𝒎𝒔
𝟐
 

 

𝑺 = 𝟑 𝑽𝒔,𝒓𝒎𝒔 ∗ 𝑰𝒔,𝒓𝒎𝒔               (𝑎𝑝𝑝𝑎𝑟𝑒𝑛𝑡 𝑝𝑜𝑤𝑒𝑟) 

𝑷𝑭 =
𝑷𝒐

𝑺
                                      

The expression of average or dc output voltage of a 3-phase half wave converter with resistive 

load can be applied to RL-load with Fwd. 

 

 



 Case of Rl- Load 

 
# For Different Trigger Angles: 

 

 

 

 

 
 = 30 

 

 

 
 

 

 

 

 

 

  = 60 
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 =120 

 

 

 

 

 

 

 

 

 
 = 150 

 
 

 

 

 

 

 

 

 

 

 

                                                                             

 
 = 180 

 

                          

   

 

 

 

 

 > 90           Vdc is positive 

 = 90           Vdc is zero 

 < 90           Vdc is negative 

 

 

𝑰𝑫𝑪 = 𝑰𝒂𝒗𝒈 =
𝑽𝒅𝒄

𝑹
 =

𝟑√𝟑𝑽𝒎

𝟐𝝅𝑹
 𝒄𝒐𝒔   ≅  𝑰𝒐,𝒓𝒎𝒔 



2) Full-Wave Rectifiers 

Three-phase converters are extensively used in industrial applications up to the 120-

kW level. The output of the three-phase rectifier can be controlled by substituting six 

SCRs for diodes connected in the form of a full wave bridge configuration. All six 

thyristors are turned on at an appropriate time by applying suitable gate trigger signals. 

This circuit is known as a three-phase full wave bridge or as a six-pulse rectifier.  

 

 

 
 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

  
 

 

   
 

Same for R and RL load 

0 ≤ α ≤ 60 

for R- load 

α=90 

for RL- load 

α=90 



   
 

 

 

 

   
 

     
   
 

 
the average output voltage is reduced as the delay angle α increases. 

 

𝑉𝑟𝑚𝑠 = 

 

 

    I𝑟𝑚𝑠 = 𝑉𝑟𝑚𝑠 /R 

 

for R- load 

α = 120  

for RL- load 

α = 120 



                                                                                                                                            

 

 

Special case: resistive load α˃60o 

 

 

 

 

Harmonics for the output voltage remain of order 6k, but the amplitudes are functions of α. 

The figure shows the first three normalized harmonic amplitudes. 

 

 
 

 

 

 

 

 

 

 

 

 



Example 

 
Solution: 

 
 

 

 

Example: 
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