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5.6  Multistage sequence control 

    When two or more sequence control stages are connected, it is possible 

to have an improvement in power factor and further reduction in THD (total 

harmonic distortion). An n-stage sequence control converter has n windings 

in the transformer secondary part with each rated es/n (the source voltage). 

Two stage sequence control of AC voltage regulators 

Sequence control of ac voltage regulators are used for reduction of 

harmonics and the improvement of system power factor in the input 

current & the output voltage. Sequence control of ac regulators means 

the use of two or more stages of voltage controllers in parallel for the 

regulation of output voltage. The sequence control of ac voltage 

controllers can be used as voltage controllers in supply systems & for the 

speed control of induction motors. These types of controllers are known 

as synchronous tap changers or transformer tap changers. 

  

 

 

 

 

 

 

Figure 5.6.1 Two stage sequence controlled ac voltage controller 

   [Source: “Power Electronics” by P.S.Bimbra, Khanna Publishers Page: 409] 
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         Thyristors are used as static switches for on load changing of 

transformer connections. Static connections changers have the advantage of 

very fast switching action the change over can be controlled to cope with the 

load condition & is smooth. When thyristors T3 & T4 are alternately fired 

with delay angle of α=0, the load voltage  is  Vo=V1.  If  full  output  voltage  is  

required,  thyristors  T1  &  T2  are alternately fired with delay angle of α=0 

and full vltage I Vo=V1+V2. The gating pulse of thyristors can be controlled 

to vary the load voltage. The RMS value of load voltage Vo can be varied 

within three possible ranges 0 < Vo < V1,   V1 < Vo < (V1+V2). 

Case1: 0 < Vo < V1 

To vary the RMS voltage within this range, T1 & T2 are turned off. T3 & T4 

can be operated as a single phase ac voltage regulator. The RMS load voltage 

is given by, Vo=V1[1/π(π-α+(sin2α/2))]1/2 and the firing angle range is 0<α< 

Vo < (V1+V2) T3 & T4 are turned off. T1 & T2 operate as a single phase ac 

voltage regulator, the load voltage is Vo=(V1+V2)[1/π(π-α+(sin2α/2))]1/2 . 

Case2: V1 < Vo < (V1+V2) 

•  T3 is turned on at ωt=0 and the secondary voltage V1 appears across 

the load. If T1 is turned on at ωt=α, T3 is reverse biased due to secondary 

voltage V2 & T3 is turned off. The voltage across the load is (V1+V2). At 

ωt=π, T1 is self commutated & T4 is turned on. The secondary voltage 

V1 appears across the load until T1 is fired ωt=π+α, t4 is turned off due 

to reverse voltage V2 and the load voltage is (V1+V2). At ωt=2π, T2 is self 

commutated, T3 is turned on again the cycle is repeated. This type of 

controller is also called as synchronous tap changer . 
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Figure 5.6.2 Multi stage sequence controlled ac voltage controller 

   [Source: “Power Electronics” by P.S.Bimbra, Khanna Publishers Page: 409] 

 

The transformer has n secondary windings. Each secondary is rated for Vs/n, 

where Vs is the source voltage. The voltage of node p with respect to K is 

Vs.the load voltage at terminal Q is (n-1)V3/n and so on. If voltage control 

from Vsk=(n- 3)Vs/n to Vrk=(n-2)Vs/n is required, then SCR pair $ is 

triggerer at α=0 and firing angle of SCR pair3 is controlled from α= 0 to 180 

and all other SCRs are kept off. Similarly for controlling the voltage from 

Vqk=(n-1)Vs/n to Vpk=Vs, SCR pair 2 is triggered at α=0, whereas for SCR pair 

1, firing angle is varied from 0 to 180 keeping the remaining (n-2) SCR pairs 
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off. Thus the load voltage can be varied from Vs/n to Vs by an appropriate 

control of triggering the adjacent SCR pairs. The presence of harmonics in 

the output voltage depends upon the voltage variation. If this voltage 

variation is a small fraction of the total output voltage, the harmonic content 

in the output voltage is also small. 

 


