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2. Three -phase ac Voltage Controller 
 

A three-phase voltage controller with a Y-connected resistive load is shown in Fig. below. 

 

 
 The power delivered to the load is controlled by the delay angle α on each SCR.  

 The six SCRs are turned on in the sequence 1-2-3-4-5-6, at 60o intervals. 

 Gate signals are maintained throughout the possible conduction angle. 

 The instantaneous voltage across each load phase is determined by which SCRs conduct. 

 At any instant, three SCRs, two SCRs, or no SCRs are on.  

 The instantaneous load voltages are either a line-to-neutral voltage (three on), one-half 

of a line-to-line voltage (two on), or zero (none on). 

 When three SCRs are on (one in each phase), The voltage across each phase of the load 

is the corresponding(equal) line-to-neutral voltage. For example, if T1, T2 and T6 are on, 

van= VAN, vbn= VBN and vcn= VCN. 

 When two SCRs are on, the line-to-line voltage of those two phases is equally divided 

between the two load resistors that are connected. For example, if only T1 and T2 are on, 

van= VAC/2, vcn= VCA/2, and vbn= 0. 

 

 

 

 

 

 

 

 

 



 The following are the ranges of α that produce particular types of load voltages with an 

example for each: 

 

1) For 0  α  60 , (Mode 2/3)   
 

 

 

 
 

 

 
 

 

 
 

=30o 



2) For 60  α  90 , (Mode 2/2)   

 

 

 

 

 

 

Note/ For =75o , after T1 turned off,  the T2 will turn on alone and this is impossible, so must 

increase the interval turning of T1 by 15o . and so on…. 

 

 
 

 

=90o 

  

=60o =75o 



3) For 90  α  150 , (Mode 0/2)   

 

 

 

 

 

 

For  150o , there is no time interval when an SCR is forward-biased while a gate signal is 

applied. So, the output voltage is zero for this condition. 
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Example/ 
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𝑃𝐹 =
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Find for  𝛼 = 45  ?             ans: 𝐼𝑜,𝑟𝑚𝑠 = 7.58⁡𝐴⁡, 

 

 

 



Summary 
 

 Voltage controllers use electronic switches to connect and disconnect a load to an ac 

source at regular intervals. This type of circuit is classified as an ac-ac converter. 

 

 Voltage controllers are used in applications such as single-phase light-dimmer circuits, 

single-phase or three-phase induction motor control, and static VAR control. 

 

 The delay angle for the thyristors controls the time interval for the switch being on and 

thereby controls the effective value of voltage at the load. The range of control for load 

voltage is between full ac source voltage and zero. 

 

 An ac voltage controller can be designed to function in either the fully on or fully off 

mode. This application is used as a solid-state relay. 

 

 The load and source current and voltage in ac voltage controller circuits may contain 

significant harmonics. For equal delay angles in the positive and negative half-cycles, 

the average source current is zero, and only odd harmonics exist. 
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The load voltages for a three-phase voltage controller with an RL load are again characterized 

by being a line-to-neutral voltage, one-half of a line-to-line voltage, or zero. The analysis is 

much more difficult for an RL load than for a resistive load, and simulation provides results 

that would be extremely difficult to obtain analytically. 


