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So, here there are 3 sinusoids. At point X, you will find that phase A becomes more positive than 
phase C. So, this is phase C, this is phase A and this is phase B. So, phase A becomes, see cuts 0 
and becomes positive. After 120 degrees, phase B becomes and after 120 degrees, phase C, so 
this is phase C.  
 
So at point X, phase C, instantaneous value of phase C voltage is same as the instantaneous value 
of phase A voltage and beyond point X, phase A becomes more positive. Similarly at Y plus, 
phase B becomes more positive than phase A. Similarly at Z, phase C becomes more positive 
than phase B. So, common cathode configuration, so diode whose anode potential higher will 
starts conducting. So, change over from 1 device to another device will take place at X or Y or at 
Z. 
   
So, the diode which is connected to phase C will turn off at this instant, at X and diode connected 
to phase A, it starts conducting at X plus. Similarly at Y plus, the diode which is connected to 
phase B, starts conducting and the diode which is connected to phase A turns off. Similarly at Z, 
the diode which is connected to phase C starts conducting and that connected to phase B turns 
off. 
   
So, you will find that this duration, the duration for which each device conducts is 120 degrees. 
See, I will tell you, 0, this intersection is 30 degrees, this is 60, this is 90, this is 120, this is 150, 
this is 180. So remember, there is an intersection at every 30 degrees; 30 degrees, 60, 90, 120, 
150, 180, so, similarly in the negative half. 
   
So, diode starts conducting from 30 degrees to 150 degrees. So, diode conducts between 30 and 
150. So, duration is 2 pi by 3 radiance. So, when the diode is conducting, the load voltage is 
same as the phase voltage. So, if D1 is conducting, load voltage is same as Van, Van, potential, this 
potential is same as this, Van. When D2 is conducting, load potential is Vbn and when D3 is 
conducting, load potential is Vcn. So, Van, Vbn, Vcn.  
 
As I said earlier, there are 3 pulses per cycle, hence the name 3 pulse converter. I will assume 
constant load current of magnitude I0. So, load current is constant and ripple free and I will 
assume source inductance is 0. So, change over from 1 device to another device takes place 
instantaneously. So, each device conducts for 120 degrees. If the magnitude is same as that of the 
load current, source here supplies power from pi by 6 radiance to 5 pi by 6 and it is 0. So, if I 
find the average value of this, it is finite. So, source supplies a DC component of current to the 
load. The effect, I have already discussed in the single phase. 
   
Now, how do I draw the voltage across when the diode is not conducting? In a single phase case, 
it was straight forward. In the 3 phase case, it is not very straight forward, try to understand. 
When the diode is on, fine, voltage across it is 0, all of us know and when the diode is off, you 
will see here, cathode potential is it is the supply phase voltage, sorry, the anode potential is its 
phase voltage, whereas, cathode potential depends on the conducting diode because for some 
time the cathode potential is Vbn and for some time the cathode potential of D1 is Vcn. 
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T1, T3 was conducting. So, in this region, T3 was conducting. It continues to conduct beyond X 
because we have not triggered T1.  

 

So, till you trigger T1, T3 continues to conduct. Remember, till you trigger T1, T3 continues to 
conduct, till you trigger T2, T1 continues to conduct. So, instantaneous value or a load voltage is 
Vcn, see Vcn, this is Vcn. At alpha is equal to 30 degrees plus, T1 is triggered. Instantaneously, 
output voltage jumps to the value proportional to Van. So, this is the value, Van. So, it will jump 
to Van, it will continue in this fashion or 120 degrees, provided, the current is continuous, 
remember, provided, current is continuous.  
 
So, T1 conducts from this instant till you trigger T2. At this instant, T2 is triggered, instantaneous 
value of Van become 0 that is why it touches the x axis. Immediately, T2 is triggered, at that point 
instantaneous value of phase B is sin 60, remember. See, this is 0 for phase B, 30, 60. So, 
instantaneously it will jump to root 3 by 2 per unit, root 3 by 2 per unit, follows phase B, again. 
At this instant, instantaneous value of phase B becomes 0, T3 is triggered, output voltage jumps 
to Vcn, follows Vcn and the cycle continues.  
 
So, each device conducts even in this case for 120 degrees, provided, current is continuous. Mind 
you, if I have to increase alpha greater than 60 degrees sorry greater than 30 degrees, what would 
happen? See, for phase A, alpha is 60 degree somewhere here, 30, 60. So, prior to triggering T1, 
T3 was conducting. So, output voltage is Vcn and you will find that Vcn becomes 0 beyond this 
point. Beyond this point, Vcn becomes 0. 
  
At alpha is equal to 30, it just becomes 0. Beyond 30 degree, it becomes negative. So, if I had a 
load which is purely resistive, current cannot flow beyond this point. So, thyristor turn off of its 
own because current as become 0 and till you trigger the next thyristor, load voltage is 0 because 
none other thyristors are conducting. So, you would have had a finite 0 period if the load is 
purely resistive and alpha greater than 30 degrees, remember. 
 
So, if the load is purely resistive, current is just continuous. I will remember, current is just 
continuous for alpha is equal to 30 degrees. Beyond 30 degrees, current will become 
discontinuous because beyond 30, the instantaneous value of the outgoing phase goes negative 
and you cannot have a situation, wherein, voltage across the register becoming negative in a AC 
to DC power conversion.  
 
Now, I am not going to draw the voltage across the blocking thyristor. Procedure is the same. 
The only difference is now you can have a positive voltage across a blocking thyristor. You just 
cannot have a positive voltage across a diode because it is an uncontrolled device, whereas, you 
can have a positive voltage appearing across the thyristor. 
  
So, I just tell you, I encourage you people to go back to your room and draw the voltage wave 
form across the blocking thyristor. See, at point X, instantaneous value of Van is same as Vcn. So, 
voltage across the thyristor is 0. Beyond X, Vcn is less than Van. So, voltage across the thyristor is 
Van minus Vcn and Van is magnitude of Van is higher than Vcn. So therefore, a positive voltage 
appears across Van. It is possible, fine. Till you trigger or get gate of T1, it is blocking. 
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Prior to triggering T1, T5 - the device which is connected to C phase is conducting. Remember, 
when I had D1, D2, D3 prior to D1, D3 which is connected to C phase was conducting. Now, 
remember, I have changed the number, suffix. I am calling 1, 3, 5, 4, 6, 2 because this is 
particular reason. It becomes very obvious as we proceed, as we go along. So, prior to T1, T5 was 
conducting. Similarly, in the lower half if you see here, see, this is the C phase, this is C and this 
is B. 
  
So, diode which is connected to phase C starts conducting at P plus and prior to C phase, B phase 
diode should conduct. So, what is the number? So, prior to C phase, the diode which is 
connected to B phase is conducting. In other words, 6 was conducting prior to 2. See, 2 is 
connected to C, 6 is connected to B. So remember, B 6 is see here, B phase is more negative, so 
6, 2 and this is for phase A. You will find that number is 4, this is for phase A, whereas, this is 
for phase again A, upper half, 1. 
 
This is for phase B, we have numbered it as 3 and this is for phase C, we have numbered it as 5. 
So, this point is same as this. I will, first I will draw the output voltage waveform for alpha is 
equal to 0. Alpha is equal to 0 is same as an uncontrolled bridge. Let us see, how does the 
waveform look like?   
 
At this instant, point X, T1 is triggered. At point P plus or at point P, T2 is triggered. The diode or 
device which is connected to phase C that is 2 is triggered. At Y, device which is connected to B 
phase in the upper half is triggered that is T3 and at point Q, see, phase A becoming more 
negative. So, the device which is connected to phase A, lower half that is 4 is triggered. So, you 
will find that see, there is a sequence 1, 2, 3, 4. So, that is why I have numbered the upper half as 
1, 3, 5, lower as 4, 6, 2. 
  
Now, let us draw the output voltage waveform. Try to understand now. I said, alpha may be 
measured with respect to the point of natural commutation. While drawing the output voltage 
waveform, you need to find out the instantaneous value of the phase voltages measured from the 
positive 0 crossing, remember. Alpha is measured with respect to the point of natural 
commutation that is all, nothing else.  
 
So, at alpha is equal to 0, what is the instantaneous value of phase A? It is proportional to sin 30. 
So, in the upper half, T1 starts conducting. At X plus, instantaneous value instantaneous value of 
phase A at that point is sin 30, remember, this is sin 30.  
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duration, same as half wave rectification, 3 phase half wave rectification. Similarly, we have a 
common anode configuration, 3 devices forming a common anode configuration, again fed from 
an ABC system.  
 
Now, each device in the lower half also conducts for 120 degrees.  So, T4 takes over at this point. 
Mind you, T4 takes over at this point, alpha is equal to 0. So, this is the point of natural 
commutation for the lower devices. So in this period, T4 conducts, direction of current is now 
reversed, just opposite to that of T1 and it continues for 120 degrees. So, what observations can 
we make now? Each device conducts for 120 degrees but then each phase conducts power for 
240 degrees. Each phase conducts power for 240 degrees. You just see, each phase conducts for 
240 degrees, 120 here, 120 there. 
  
At any given time, only 2 devices are conducting. At any given time, 2 devices are conducting. 
Just see here, T1 and T6. T6 is connected to phase B, T1 is connected to phase A, phase C is open. 
In other words, phase C does not supply power in this period. At any given time, only 2 phases 
are on, third phase is open. How many pulses are there in 1 cycle? There are totally 6 pulses in 1 
cycle.  
 
I have just drawn 2 pulses and we found that each pulse is of 60 degree duration. Each pulse is of 
60 degree duration, remember. There are 6 pulses per cycle and each pulse is of 60 degree 
duration. Each device conducts for 120 degrees. Each phase supplies power for 240 degrees. See 
here, T6 T1, T1 T2.  
 
Now see, there is a sequence T6 T1,T1T2 and in this region you will find that it is T2 T3 because T2 
is conducting, T3 gets triggered here is T2 T3 and from here T3 T4. That is why we have numbered 
as 1, 3, 5 in the upper half and 4, 6, 2 in the lower half. More, we will see in the next class.  
 
Thank you.       
  


