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Power Electronics 

Prof. B.G. Fernandes 

Department of Electrical Engineering 

Indian Institute of Technology, Bombay  

Lecture - 15 

 

In our last lecture we discussed the principle of operation of fully controlled bridge in which all 
the 4 switching elements are thyristors. We derived the expression for an average value of output 
voltage and it is given by 2 Vm by pi into cos alpha. This expression is valid if the current is 
continuous. I will repeat; this expression is valid only if the load current is continuous. 
  
Let, we found that for alpha in between 0 to pi by 2, average value of the output voltage is 
positive, current is unidirectional. So, power supplied by the source to the load is positive. So, 
we call it as conversion, AC to DC converter and for alpha greater than pi by 2, we found that 
average value of the output voltage becomes negative, current is again unidirectional which is 
positive. So, power supplied by this source, by the source is negative.  
 
In other words, source is absorbing power. Load is supplying power back to the source. So, we 
call this as inverter or inversion, power inversion. Average value of the output voltage can be 
negative for alpha greater than pi by 2, only if the load is of RLE type. It is possible only for 
RLE type of load. 
 
Motor will act like a generator only if torque developed by it is negative. In other words, torque 
is given by K pi into IA, either IA has to reverse or e has to reverse, polarities of e should reverse. 
Only by changing or only by increasing alpha greater than pi by 2, machine will not act like a 
generator. So, for the machine to act like a generator I have to either interchange armature 
terminals or I have to interchange the field terminals. 
  
Let me tell you 1 thing, convertor fed a DC machine reversing the armature terminals or field 
terminals using the mechanical contactors does not make a sense, because both are inductive 
circuits. Field circuit is highly inductive, even armature has a finite inductance. Using 
mechanical contactors I have to or to interchange the 2 terminals I have to use the mechanical 
contactors. So, momentarily we are breaking an inductive circuit. 
  
So, what happens if I break an inductive circuit? Arching will take place. That is what I said, 
using mechanical contactors in a convertor fed machine, to for the machine to act like a 
generator, does not make much sense. So, is there a solution? Is there a way out? There is, we 
will see. 
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T3 and T4 were conducting. So, output voltage is negative because from 0 to pi, VBA is negative, 
this is VBA and this is VAB. VBA is negative, so V01 is negative. 
  
At alpha1, T1 and T2 are triggered. Now, the output voltage is VAB. So instantaneously, there is a 
jump. Now, Output voltage is VAB, it will continue till pi plus alpha1. At that instant, T3 and T4 
are triggered. This waveform we have already studied. How does V02 look like? Now, just 
reverse this bridge, in the sense, take this minus and plus, alpha2 is the trigger angle for the 
bridge 2 and the relationship between alpha1 and alpha2 is alpha2 is equal to pi minus alpha1. 

 
So, somewhere at this instant, G1 dash and G2 dash, the gates corresponds to T1 dash and T2 dash 
are triggered. Remember, in the positive half, T1 and T2 are triggered. Similarly, here I am 
triggering, similarly here, T1 dash and T2 dash are triggered in the positive half, somewhere here. 
So, till T1 dash and T2 dash are triggered, T3 dash and T4 dash were carrying current or they were 
conducting. So, output voltage is negative, T3 T4.  
 
So, the moment T1 dash and T2 dash are triggered, output voltage which is again VAB, it is 
positive. So, average value, the magnitude of average value that is V0, magnitude of V01 is equal 
to magnitude of V02, if you find. Average value of V01 may be equal to average value of V02 and 
let us see what is the voltage waveform appearing across L1 or what is the voltage waveform that 
comes across L1.  
 
Now, V01 is this. Now, I will reverse the polarities of V02. Say this is V02, now minus V02 looks 
like this. Same waveform, I am inverting it. Same waveform has to be inverted. So now, with 
respect to the bus y or this bus, this is V01 and with respect to this bus, potential of this is minus 
V02.  What do you observe from these 2 waveforms? I said, mod of V01 may be equal to mod of 
V02. But then instantaneous value of V01 is not equal to instantaneous value of V02, remember. 
Mod of V01 maybe equal to mod of V02 but then instantaneous value of V01 is not equal to the 
instantaneous value of V02. 

  
So therefore, there is a potential difference between the voltage across the ... So, there will be a 
current flowing from bridge 1 to bridge 2 or in other words, there is a circulating current, hence 
the name the circulating current type convertor. So, in a dual convertor, if both the convertors are 
carrying current simultaneously, they are known as circulating current type. If only 1 bridge is 
carrying current it is known as non circulating type because only 1 bridge is carrying current, 
only 1 bridge is supplying current to the load. Second bridge is completely off. So, no current 
can flow through the second bridge. Hence, the name non circulating type.  
 
 
So, VL is nothing but V01 minus of V02, so here is this. You will find that average value of this 
waveform is 0. Now, let us see how a dual convertor can be used to control a DC motor? Now, 
this load will connect a DC machine here. Let us assume that machine is running stably at some 
constant speed, omega and corresponding EB, back EMF is of the order of 90 volts, let us 
assume. If back EMF is 90 volts, applied voltage, output voltage of the bridge should be higher 
than 90 volts only then the current will flow. In other words, output voltage of the bridge should 
be equal to Ia ra plus EB.  
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independent of or the current that is flowing is independent of the terminal voltage. Voltage 
applied during mu to a load is 0 but then constant current is flowing, this is possible only if the 
load is an ideal current source. 
  
The second condition is mu is equal to pi minus 2 alpha. So, let us draw the wave form. How 
does it look like? At alpha T1 is triggered, overlap period is pi minus 2 alpha. So, this is mu, this 
should be alpha, so this is pi minus 2 alpha. Again at alpha, in the next half, at alpha one more 
thyristor is triggered that is T2 is triggered. This is the competition overlap period and at this 
point overlap commutation overlap, commutation is complete. Entire current, thyristor starts 
carrying.  
 
So, if you see here, average value of the output voltage is 0, positive half is equal to negative 
half. So, what sort of a load? It is an ideal inductor. So second case, ideally, it may be possible 
but for that matter, even the first case if I connect a constant an ideal constant current source, a 
single phase bridge is feeding. So, mu is pi, it is possible. The second case if I have an ideal 
inductor, I can have a situation wherein, overlap period is equal to pi minus 2 alpha.  
 


