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Let us start lecture two of this module number 4. In the previous lecture, | discuss the
three mol operation of converter circuit. | discuss the arc back, arc through and miss fire.
Today, | will be discussing the two converter problems; one is your arc quenching and
second one is a very popular the d j commutation failure. Basically, most of the if it is
your miss fire or, it is a arc through or, it is arc quenching in the inverter side that is a
similar impact like a commutation failure. So, the inverter is the most serious concern is
the commutation failure because you know will again discuss it due to the voltage

reversal in this incoming valve.

(Refer Slide Time: 01:12)

Quenching

— Itis a premature extinction of valve in normal
conduction period. This malfunction has the same
effect as misfire (almaost) and causes short circuit
on DC terminal

So, here I am first let us see, what is the arc quenching? This arc quenching at it is name
basically it is used in the mercury arc valves. It is not in the normal thirestor because

normal thirestor once you are giving the pulse either it will conduct or it will not



conduct. So, the miss fire can happen in your the normal the thirestor orgtoorlghbt
grade of valves, switches. But the arc quenching was basically use when the mercury arc
valves are there. Here, you know the mercury arc valves there is a ionization process
takes place. And due to the ionization even though after some ionization again it is going
back so, it is called arc quenching. Means, just like it is a chopping, once it is a starting

to conduct and it is coming back it is a just similar to the misfire I can say.

In the and it happens in basically the old mercury arc valves so, that is why here it is
given this mol function has the same effect as misfire almost and cause the short circuit
to the DC terminal like a misfire also. Some times it gives the DC short circuit here also

it will give the DC short circuit as well.

(Refer Slide Time: 02:23)

Commutation Failure

This fault, which is more common in inverter, is the
result of a failure of the incoming valve, due to
insufficient extinction time, to take over the direct
current before the commutating voltage reverses its
polarity.

Thereafter, the direct current shifted back from the
incoming valve to the outgoing valve.

Itis not due to malfunction of valve but due to AC or DC
condition outside bridge. It is due to increased DC
current, low AC voltage (due to AC shart circuit), late
ignition or combination of these.

Nearly all inverter valve fault lead to results similar to
commutation failure.

The failure of two successive commutations in the same
cycle is called double commutation failure.

So, | am not going to discuss much in detail because it is in the modern converter circuit
in h v DC used. It is not a big deal, it is not happening at all. So, major is your
commutation failure and this commutation failures only across in inverter side. And this
basically mol operation or you can say fault which is a very common in inverter, very
frequent. And it is a result of failure of incoming valve due to the insufficient extension
time to take over the director that is the DC current from the commuted before the

commutation voltage reverses it is polarity.

Here again if we will see | will draw the commutation voltage of valve 3 here, this is you

know if you are firing here that is your beta degree and there will be some u period. And



you know, this is a commutation voltage is reversing if your conduction start and going
beyond this at this point, you can say the voltage is going to reverse. So, what happen the
valve? This is your e b a means it is of valve three. So, here once valve 3 is going to be
fired in the inverter circuit, you know we are just delaying here. So, if it is conducting
here and it is commutation is not successful before this zero crossing. Then there is a
most possibility because the voltage is reversing and then what will happen? The current

which was taken by 3 it will be going back and your previous valve that is again valve 1.

Because you know in upper bridge it is 1 3 and 5. So, 1 was conducting earlier and 3 was
far so the commutation will be not successful, if it is a delaying much here and this is the
happening. It is not always necessary even though sometimes you have come to up this
point even, and there is also possibility the commutation failure, why? Because this rate
of here the voltage which is going down and now you can see the polarity across the
valve is going to be positive. So, this voltage is increasing and the, but current was

decreasing in valve 1. Here, in valve 3, current is increasing voltage is decreasing.

So, at this at near to the 0 crossing before that if it is not successful, then there is a
possibility of the commutation failure. Means here, | can say if you are drawing your
current here now, let us suppose this is your i 1 current which was i d here and your i 3
was here, i 3 was 0 now, the commutation starting. Now, this will because the it is the
fired voltage is the positive so, the current will here it will be increasing and this will be
here decreasing. Now, that possibility that here even though this is coming here and
again it is coming back and this is has taken it is coming back here again. So, especially

here the near to this 0 crossing if it has cross certainly there will be commutation failure.

But even though before also, there is a possibility because here it is the voltage is very
less across this and is a decreasing there is a possibility this current 1 1 which decreasing.
But certainly it is start increasing because the voltage across is beginning positive, very
faster rate and this is going to be negative this side. So, what happens? This the
commutation was taking place, but it was not successful. Means, we want that in actual
case this should take the complete current here and this should go 0 and we want this,
and this is called the commutation volt. So, that is why it is called the commutating
voltage reverses it is polarity, that is very well here. If it is not successful up to here in
this case, it will be failed because here the polarity is reversing here, reverse positive
here is going to be negative up the commutating volt.



So, due to this result is said the direct crank shifted back from the incoming valve to the
outgoing valve. Because the 1 was outgoing valve and 3 was your incoming valve and
the current is reversing back and it is finally, this i 1 is taking place, this complete
current. Now, the major cause for this you know we are using the inverter side the c a
control the constant extension angle control here, that is we are maintaining gamma
minimum here that is why 10 degree. Because here it is not saying 5 degree because we
are maintaining larger portion as well, because we want that it to be sure there should not
be commutation failure. Because the impact of the commutation failure will give you
your reduces voltage, it will be trying to interject the harmonics in the system and there
will be the DC short circuit across the convert inverter circuit which we do not want.

(Refer Slide Time: 02:51)

So, here you know the beta is calculated, already | explain the how the c is working this
constant extension and will control to maintain this we calculate the beta based on the
exertion condition. But there is a possibility the current in the valve which increased, not
due to this side, due to the problem with another side converter. Because the current in
the DC link is basically the voltage difference between inverter and current. Here, this is
this is your voltage | can say this is rectifier circuit. So, this voltage whatever there this is

your resistance at this line and this is your inverter here.

So, this current which is flowing it is basically here vd o i here vd i and here vdr. So,

the voltage difference divided by r will be the current here. So, even though there is no



problem this side, problem may this side also because the current increase. Once current
is increasing, that is possibility of this your u can be shifted. So, if you are landing this
side, then commutation failure will be there so, it is the mal function valve due to the
either AC side problem or the DC side problem. Condition outside the bridge or it is due
to the increase the DC current as | said if the current is increased then your u will be

more.

(Refer Slide Time: 07:06)

So, this is one cause and another the possibility here, the voltage at the this side and this
side has a very fewerly low. If voltage is low again, then your u will be more and finally,
we can go for this here. What happen the voltage is reduced at that time because in
calculation of beta we use the e m and also, we use you are this current is also appearing
in this. So, this beta calculation once you are calculating and then even though happens,
then we are just the commutation failure will be there. Sometimes here, due to the late
ignition of this means you have calculated beta here exactly the same, but due to the

controller, it is trying to say that you have to delay, it 5 degree here.

You have given the pulse, the pulse generation is say delayed by 5 or 6 degree
something, then again it will be shifted this side. So, either your DC current increase
either the low voltage AC side networks or your delay in this firing angle here will lead
to your commutation failure. Or it may be combination of these even, not one the

individually do the possibility the current is also increase in the voltage is less this side,



what happens? The commutation failure will may occur. So, that is why it is written late
ignition or the commutation of all these three problems may lead to your commutation

failure.

So, here one sentence | have written the nearly all the inverter valve fault lead to the
similar phenomena, like the commutation failure. If we will see the misfire, is also some
sort of the same if we will just draw the misfire. You will find it is the almost the
phenomena is the DC short circuit, there is the possibility of the next valve will be not
conducting due to the negative voltage, we will see here for the commutation failure. So,
it will give you the nearly same result as other faults in the inverter circuit. So, that is
why it is it should be discussed very carefully and it is very common as well. Because
always you are calculating beta and u as keep on changing due to the system and
network conditions and it may happen.

So, failure of the two successive commutation in a same cycle, you know there is a
possibility, if so as | said here 1 and 3 commutation was unsuccessful. If it is only one
commutation failure now I can say this is one commutation. Failure is there in one cycle
then it is called single commutation failure. But there is a possibility that in the same
cycle there is a two commutation failure means, it suppose it is a 1 and 3 is failure now,
after that we will find let us suppose a 2 and 4 is failure and so on. So, forth then there is

a double commutation failure and that is the very very serious.

So, in that case what we do if it is a frequently occurring even though double
commutation failure, then we have to block the bridge or we have to bypass it. So, we
will discuss the double commutation failure as well. To understand and see what will be
the output voltage? And what will be the sequence? Now, we have to assume let us 1 and
2 are conducting and now valve 3 is given the pulse and it is igniting, but after certain
time it is going to be the commutation between 1 and 3 was not successful. And it is you
know current is not complete and it is going back to again valve valve. Valve 1 and 1 and

2 again are conducting in the next sequences as well.

Then we have to you know we are firing the valve after every 60 degree so, though once
3 1 and 3 was unsuccessful, then the next valve will come at the 4. We have to give the
pulse to the 4 and the 4 will conduct because the voltage across this will be positive and

this will lead to your dead short circuit. Because 1 4 in the same lame is conducting to



DC short circuit is appearing. So, it will conduct then here the as | said the 2 and 4 will
be successful and only valve 1 and 4 will be conducting now. So, is it a short circuit.
Now, next sequence of the valve will be 5, the pulse will come to this side, but this will

not conduct, we will see.

Because the voltage across this will be negative, because once 1 and 4 are conducting,
we will find the voltage across this in inverter operation. The voltage across your valve 5
will be negative even though pulse is there and it will not conduct so, what will happen?
Again 1 and 4 is continuing. So, next turn will come to the 6 and we will find the 6 will
conduct because 1 and 4 commutation will be successful, if then again 6 and one pattern
is coming. Then after that 1 one is coming which is already conducting so, there is no
problem so, 6 1 will continue then will 2 will come and then it is will be your 1 and 2
will be there. So, in whole cycle you can see it is a now we got the our 1 2 pattern and
finally, we are also getting 1 2 and so on so forth. So, it is automatic clearing so, the

commutation failure is a self clearing phenomenon in the single cycle if it is a single one.

(Refer Slide Time: 13:03)

Commutation Failure

* Now valve 6 will be fired and if commutation from valve
4 to 6 is successful, valves 6 and 1 will conduct which is
normal pattern of conduction.

* Thus a single commutation failure is self-clearing.

The double commutation failure is more severe and
should be averted which depends on the current control

of link and the magnitude of AC voltage.

To see this, let us there is a various type of possibilities are there as same thing | said
here.



(Refer Slide Time: 13:07)

Let us see, this is the | can say the voltage, to explain here this figure is basically nothing
but your line to line voltage. If we will see here as | said at the point A here, at point A |
mean before that your 6 and 1 were conducting and 2 was given pulse at the a point. And
you can see here also the commutation here this 2 is taking complete current and here 6
is going to be 0. So, the commutation between 6 and 2 is successful and then at the point
b only valve 1 and 2 are conducting. And you can see this voltage here; it is the negative
voltage which is appearing here. Similarly, we can see the figure a here, it is nothing but
it is the positive and the lower side the voltage of this your DC terminal. And the second
1is a line to line is a different between positive and your negative here you can say it is

(()) which is positive. And this is your here the negative 1 the voltage is appearing.

So, to see this what | can do? I can draw again our 6 pulse bridge converter circuit so, it
will more clear why the voltage will be there. This is your valve 1, here your valve 4,
here your valve 3, we are having valve 6, here we are having valve 5 and then we are

having valve 2 here.



(Refer Slide Time: 14:26)

So, this is your phase a, here your phase b, here phase c. Now, with this now we can see
we can start from the top figure you can see at the point a, here your the valve 2 is given
means before that your 6 and 1 were conducting means your voltage was 6 here. It is
your b here, your a means your a was here, then the positive side and here a b was the
negative side. You can find here it is the same, you can see e a here is the positive, here
at this point and this side your a b was there and that is there. Now, we get the pulse to 2.
Now, this is your 6 and 1 were conducting, now we are giving pulse here, now this
voltage will become your e a by 2 minus. Because this 6 and 2 are conducting going to

conduct so, here it will be b and c by 2.

So, we are going have this and this is your e a is still there. So, you can see here still be
have the e a, e a is following here at during this period even though commutation, but
this has half of this with the negative side. So, this was your positive so, just reverse here

half of this magnitude here so, it was this voltage in the negative side.

Once commutation is successful, we believe that commutation is over. Now, after that
here now this negative side voltage is going to be 2 that is e c, because 6 is over now. So,
the 2 is there, now 2 is your e c is taking place here, but still here is e a going to be there

because 1 is conducting

Now, at this point here at the ¢, now this is a chance of where ¢? valve 3. So, till here at

this point as | said now, here a successful now here this is valve 3 is to be given the



pulse. Now, this is the case | am taking, this valve was expected to receive a gate signal
at this red line, but due to some problem there is the delay in the ignition. | am not saying
it is due to the voltage down, if voltage down also, then it will conduct here and then it
will follow this one here it will be like this half of this. But it was given here the pulse
was expected, but it was delayed by 5 degree let us supposed, what happen? Now, it is

delayed slightly.

Once it is delayed here means it guard the signal at the ¢ pulse and it will conduct
because you can see the voltage across this it will be positive. How it is positive? This it
is v required for 3 is the commutation voltage is e b a and e b a you can see it is you are a
this is a b b minus this is positive and it will conduct. You can see at this point here it is a
negative and this is still 0 so, it will be positive and it will conduct. So, it will conduct at
the ¢ point, it is believed here that is the 5 degrees delayed.

There are so many conditions are there. It means even though it can conduct here and
due to the network condition during that after conduction may be voltage reduce and u is
delayed so, it will be continue here. So, let us first see here we are giving the pulse here,
but it is delayed and we are given the pulse at this. Now, if we are giving the pulse at the
¢ point, what will happen? It will be the you can see the current now it is going to is
going to increase in the valve 3 and 1 here it is going to decrease. Because this is your i o

i 1thisisyouri 3.

So, we get the pulse here, now it is going to be here. Now, you know as in the regular
practice what happens the here your at this point? This is the delayed and at this point we
have to give your, there commutation should be here should be over at this point, but it is
now delaying. And we are expecting that here current is increasing and it was not
successful and this you can say it is again it is picking it up. So, what will happen? It was
even though in normal condition, at this point the commutation should be successful by
this. And then your 2 and 3 should continue, but it is not happening. So, the dotted line
shows that if your there is no commutation failure dark line is saying that there is some

commutation failure.

So, what happens here? You can say if it is a continually conducting so, here your you
have given the pulse, now this will be the half of the line voltage you can say. Now, what

happens 1 and 3 here? Your positive side voltage will be e ¢ minus e ¢ by 2 and this side



your 2 is there so, it is a e ¢. So, you can see here we are having e ¢ here on the top of
this and minus e ¢ will be this side half and half of the magnitude so, this is your this will
be curve like this. So, it is the solving here and it is now increasing and your
commutation even through it is not successful till this and now at this point here now

there was turn of valve 4. You can see here at this point e, after 60 degree.

Now, the possibilities here, the various possibilities are there is a possibility that
commutation failure between 1 and 3 is before e or even though after e. You see this
point here is very clearly, what is in this case there is a possibility here. This is a
increasing and it is have taken even the valve before that is even though your firing of
the sequence firing of the valve 4, it is a possible. And here 1 was taking here and finally,
it is coming here. So, what happen before this point e? Possibility was that your 1 and 2
is continuously conducting. Or the possibility was that 1 2 and 3 are conducting, are you
getting my point? Here what | want to tell that, this period is very larger; this period can

be lesser as well depending upon of the circuit condition.

So, here in this figure it is shows that here this is exceeding even though at firing instant
of 4. So, what happens? At this 4 will be getting the pulse and the sequences are the 60
degree. So, at this e your you can say 1 2 and 3 were of conducting because the
commutation between 1 and 3 was even though still continuing. And 2 was earlier
conducting and now 4 regards the pulse so, 1 2 3 4 are conducting at this time. | will also
show you, just after this another slide that let us supposed it has occurred before, then

what will be the output mentioned.

So, here the 4 got the pulse and it will conduct because the voltage across this you have
to see what is happening. When your 1 2 3 are conducting, now 1 2 3 here conducting
this would be e ¢ by 2 minus. This is AC is conducting now you can say it is your ¢ and
it is your e so, e ¢ a should be positive. So, e ¢ minus e a should be positive, then only 4

will conduct otherwise it will not conduct.

Now, see at this point e come here, now e c is this and your a is this so, positive minus
negative, negative then it will be still positive and that 4 will conduct. So, 4 will conduct
now you can see there is a 2 commutation is occurring here, another is part of the upper
valve. This still 1 and 3 commutation failure is occurring because 3 1 is taking back here

the current and 3 is going to here 2 and 4 are also getting there. And now what happens?



In this period, the 2 and 4 you can see once this happens, the commutation is here is over
in between even though u. And this is taking your normal u period of the commutation

here and then here now you can say at achieved point.

Your here it is a 4 and upper 1 is 1 and this is basically nothing but your dead short
circuit here because 1 and 4 are conducting means you are having the DC short circuit.
There is a one condition as | said there is a conduction of 1 2 3 and 4. Here, and 1 and 3
here the commutation failure occurs, even though the 2 4 commutation is going to take
place. Means, you can see here at this figure, this is here this commutation between 2 and
4 is this period u, but this is a 1 and 3 here, this period is at before that. So, in this section
what happens? It is 1 2 and 4 are there conducting at a time. So, that is why

corresponding to this you can see what is the voltage in this period.

Now, we have to just see here, if you have this 4 is going to 5 and there is a voltage 1 2 3
and 4 are conducting, what will be the output voltage? Means at the point e, | want to see
what is the positive, no doubt the line to line voltage will be 0. The different between the
positive and negative will be 0 because there is dead short circuit. But here since the
these are conducting here so, the voltages here will be the different. Here, once 1 and 3 is
conducting it is of course, minus e ¢ by 2, here 2 and 4 are conducting it is a minus e b
by 2 will be there. And you can see here at this point, your this will be the this is a minus

e ¢ by 2 and this is going to be here suddenly this is a both will be equal.

If both is not equal, then it would be not 0. Because this what about this is going to
commutation takes place here, it is a minus e b by 2 this will be also e b by 2 because
this is a dead short circuit which is appearing here. So, both positive and negative should
be same, then otherwise the difference is O because this is dead short circuit here. So,
here you can say both are here and during this 1 2 4 here, this is going to be 0. Now,
once the here it is going to be 0, during this period when commutation between 1 and 3 is
unsuccessful. And now one guard the complete current, now lower one still it is continue
2 and 4 is there, now you can see what is your positive and what is your negative

voltage.

Now, this one and here this is your this is still continuing so, this your minus e by e b by
2 it will be there. And this is a same polarity will be there in this side because this is

conducting so, this voltage will be there. So, both if this pulse will be nothing but your



minus e b by 2 here. Once the commutation is over, then 1 and 4 are conducting means,
your both side it is your voltage e a will be there. Once this is conducting here if the e a,
this is conducting here is e a when this no two valves are conducting in the this. So, both
are following e a, means e a minus e a will be 0 and you can see here the output voltage
is going to be 0 here and it is going to follow here. Now, arc at this point H here, now it
is the turn off valve 5 at this point H because every 60 degree here, 60, this 60, every 60

we are given the pulse the 5 will be given the pulse at this point.

Once 1 and 4 are conducting here, the this will be your ¢ and it is your e a so, e ¢ a must
be positive then only 5 will conduct. Now, you see whether it is at this point, what is the
voltage. Now, where is the ¢? This is your condition, your c is this, ¢ minus this. So,
more positive is negative, then c it will be negative voltage, from line to line also we can
say. So, it will not conduct at all so, what will happen? Now, it will again continue and
you can say this follow the same, voltage will be 0 and now this is a turn off your valve
6. Because after this, sixty degree we are giving the pulse to 6 and you will see the lower
here the there is a commutation because the voltage across 6 will be the positive. How
come? You can see here this is e a is here and it is a b so, e a b should be positive. So,

you can see e a minus e b. Here, e a now this is your e b and this will be positive.

It is positive minus minus negative so, it is positive and it will conduct and you can see
there is a commutation is happening between 4 and 6 and it will be successful. Now, at
this point your again one is conducting and here the 6 is conducting. Now, at this point
L, now the turn off it is valve 1, after 6 1 2 again and 1 is already conducting s, it will
conduct. So, it is again continuing, this 6 is also continuing. Now, this is the at this point
M now this is turn off 2. And 2 here what happens? It will be if commutation is there so,
6 and 2 will be successful and then we are going to have 1 and 2 conduction and we find

now this regular pattern is arising, you can 1 2 here again we are here.

So, during this period only something happens, sometimes you can say the voltage is 0.
Here, some positive voltages are also appearing across in your inverter instantaneous
voltage, but average will be no doubt negative. And the voltage will be reduced and it
will introduced a lot of harmonics in the system. With the DC harmonics as well as the
current also you can say current is not as per our required practice in the phases a b c. so,
that will also introduce lot of harmony to the AC side as well as the DC side of course, it

will give the harmonics.



So, this is the case when we assume that this is a going to exceed this value. Means,
either 4 and we said it still this commutation was occurring between here and it was
exceeding when the before this after your firing instant of 5. Now, let us take the case
when this the commutation was failed before the 4, then your voltage will be something
different and it will be not in this case. So, in this case let us see the again we can now
drawn that picture was very complex and it was not clear. Now, here 1 am going to draw

and you see how it is going to happen.

Now, as our initial condition here this | am taking as e b a is the commutation voltage of
valve 3. Then | have to write a line to line voltages, here | have to write it isa e ¢ b, here
it is e a ¢ and here again | have to write e b a. Because and here it is a b here it will be
reverse of this, e b ¢ here it will be e ¢ a and this will be your e b c. | am drawing the line
to line voltage. Now, you can see this is the commutation voltage of your this e b a is
your commutation voltage and now this will be I am taking the condition of the valve 3
should be fired. Because this is your 0 axis here and this is your beta degree and | am
taking this is equal to your 30 degree. Because this is a sixty degree, this point here this
IS your sixty here, this is 60 so, it is complete 180 degree.

So, 30 degree I am assuming and you know then what was your pervious case here?
Your valve 2 timing will be this, valve 1 will be this and here your valve 4 will be this.
Just we have to write the your order here 5 here your 6, here again it is 1 and here your 2
IS again. So, these are the valve conduction means the pattern get pattern which is given
to all the valve after sixty degree. So, we can draw this suppose 1 is here being fired
means before that your 6 and 5 and 6 were conducting during this period, here the there
will be commutation between this period and | can say here 6 and 1 will be conducting.
And between this period your 5 6 and 1 will be conducting. So, once your 5 and 6 were

conducting, what will be the output voltage here?

I am talking about this minus this so, 5 and 6 here itisac, here itisa b so, itisebc
should be down voltage, and see where is the e ¢ b? e ¢ b this is your e ¢ b here so, means
this was your see this is e ¢ b here so, this is your e ¢ b was there and now | gave the
pulse to 1 5 6 1 are conducting, means the commutation here will takes place. So, this
voltage here will be minus e b by 2 and here it was e b so, 1. 5 e b by 2 minus it will be
there. Because this minus here 6 is conducting so it is a e b here minus means 0.5 e b so,
it will be minus 1.5eb. (())



By 3 by 2 it is 1.5 e b only. Now, what will this will be? This will be just it will be here
as if you will see it will be somewhere here so, what happens here? It will be here the
commutation and then your commutation is over now, your 1 and 2 are conducting
means here it is e a and here it is (()) 1 and 6. So, it will be b and you are 1 a and b will
be there and a b is where? Here, this is a b so, it will be coming here and then it will be
coming up to here and this point. Because this is you can say this is a voltage e a b is
there so, just how I draw here | just check here, e a b here, this is going to be also it will
follow e ab.

Now, at now that point 2, now you are giving the pulse 2, here gate 2 valve 2 and now
there will be commutation between 6 and 2 will be happen. And we will find the
sequence now, you can see from here, the voltage you will find the voltage here will be
again like this, it will be here it is going something here. And then again the voltage will
be like this means, at this point here during this your 1 and 2 are conducting. Means, it
will be once 1 and 2 are conducting you can see 1 is your e a here e c aa minus € so, e a
c will be the voltage here, it will be coming. Now, here as 3 as part of pervious case, now
here we are giving the pulse 2 3 here | am not delaying now. I am giving the pulse and it
is conducting, but due to the some problem here network 5, the commutation is going to

be longer and we will be see what happens.

Now, once here 3 is given pulse now, your the voltage here between now 1 and 3 now it
will be your voltage will come here like this. Now, what happens? | am telling that is the
here is going to be this and before the 4 is going to ignite now this 3 is going to be off.
Means, during this period your 1 2 3 are conducting. Now, at this point now 3 is off as
because the current here took place see the means here your this is your 1 now, going to
be here the current and this was took this was taken care and finally, going to be 0. And
before this it is commutation is valid. So, now at this point here I am assuming now here
again 1 and 2 are conducting because 3 is off. It took the some current and went back it

was off because the polarity was reversing.

Now, polarity was not reversing, but due to the decrease it was off and 1 is 2 is taking
complete current and it will be certainly it will off after this. Now, here 1 and 2 is
conducting, then what will be the voltage again? e a c. e a c is here, it will be coming
here and this will be your voltage. Now, your 4 is given a pulse and it will be the positive
you can see, the voltage across this is a positive and it will conduct. So, at this point here



this is a sequence of valve 4 and it will be given pulse and it will be conducting. So, now
your valve 1 2 4 are conducting, means 1 2 and 4 means this is your the dead short
circuit and this is DC voltage will be 0 means we are going to have here the certain
voltage here are 0.

Now, here at this point, there will be some fake period where 1 2 and 4 will be
conducting means there will be commutation between 2 and 4 and it will be successful.
And then later on what happens your 1 and 4 are conducting now starting from here. So,
till 1 and 4 are conducting now, the DC output voltage will be 0 and now we have to
come at the 0.5 where the valve 5 was expecting a gate pulse. Now, we are getting the
gate pulse it is similar to the previous case and we will find this it is the voltage across
this is not positive. You can also check from here, this once your 1 and 4 are conducting.
Here is a ¢ so, e ¢ a should be positive, but e ¢ a is not positive because e ¢ a you can see
here e ¢ a is this one, this is your e ¢ a. And you can say this is negative, it will not

conduct.

So, what will happen now? This will be not conduct at all and now we are again going to
have 1 and 4 conduction till 6. So, your output voltage here line to line will come here up
to this. Now, the 6 is getting command, 6 is getting here and there is a commutation here
between your 1 4 6 means 4 and 6 will be commutation and it will be successful. So,
once there is 1 4 6 now here 1 and 4 till there output voltage here will be the 0. So, in this
case also here it will be up to this point it will be 0. Now, here | can say this is here now
your 6 and 1 are conducting now, your voltage will be follow, we will see e a b because
1 and 6 here, a and b we have to see e a b. And your e a b is very near to here and it will

follow here and it will go up to one.



(Refer Slide Time: 29:58)

Now, 6 1 is conducting and you are given gate pulse to 1 it will be still conducting so, it
will continue. So, it will here up to here now this is turn off 2. Now, once here given a
pulse here now there is a commutation between 6 1 2 it means 6 2 commutation is there
and it will be now taking place as usual here and now this voltage will repeating. So,
now we have come back here, you can say now we are here. So, this is your complete
cycle and this is your output voltage here will be change here compared to the previous
one (( )). At that time it was directly DC here because we are coming outside here.
Similarly, in this case now you can is very careful suppose it is ask to draw the valve

voltage across any so, this side you should be very careful what will be the valve voltage.

It is | can say let us draw the valve here 5 then you have to see where it will be going
what will be the voltage here what is not. And that will be not a symmetric pattern of
course, here you can say during this period once commutation failure is happening we
are getting not a symmetric pattern. So, valve voltages also will be the different so, you
can drawn similarly, this is the DC output voltage. It can be asked what is your valve
voltage? Just it will be coming somewhere here on this place and then you can draw. So,
the procedure is same you should be very careful just every commutation period as well
as non commutation period you have to find the voltage and then you have to trace the

figures.
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« If unsuccessful commutation from 1 to 3 and back to 1 is
completed before 4 fires and if the condition that caused first
failure persists a second failure may occur in the
commutation from 2 to 4 causing DC current back to 2.

* Now 1 and 2 will be conducting.

Now, let us talk about the double commutation failure.

(Refer Slide Time: 40:52)

* After occurrence of commutation failure, the
succeeding commutation is carried by CEA control and

i1s usually successful

* If caused by low AC voltage. the reappearance on
normal voltage helps preventing the further failures

* In the event of commutation failure persists, the bridge
in which 1t occurs should be bypassed or blocked.

The case which | am going to consider here, it is just similar to the previous case. Here, it
is said the unsuccessful commutation from 1 to 4 and back to 1 is completed before 4
fires. Just I draw the previous diagram just it was the case it was fire and if the condition
that the curve the first failure persist and may cause the second one. Now, the question
why 1 and 3 were unsuccessful? There was some cause may be due to the low voltage

AC or may be the DC. Let us suppose say it is a persisting and 3 here it was fail and then



next 4 is commutation between 2 and 4 is also fail and then it is a double commutation

failure.

So, that is why here it is said that is the commutation between 2 and 4, it is not taking
completely. And again it is the earlier in this case | said that commutation between 2 and
4 was successful and saying it is not successful means again the 2 is taking complete
current and 4 is off so, now 1 and 2 are conducting. So, what will be the output voltage?
Similar to the previous case, we can just draw now very quickly here. It is youre b a |
can write here itise c b, here itis e a c and now it is your e ¢ a, here e b ¢, here it is your
e ab, here it is your e b ¢ and so on so forth. Now, here | am going to start directly from
the 3 because your 3 is here we are taking at this case the 3 is to be 5, here your 2, here it

is your 1.

Just | have to draw the sequence here again | have taken beta is your 30 degree means
alpha is 150 degree. So, it is 5 here it is 6, here it is 1 and here it is your 2 again. Now,
before this here it was everything was means the 2 was fired, there was some voltage
here, it was like here and then again it was going to be like this. Means before that it was
similar pattern | can say it was here, then it was like this and this was the output voltage.
Means your sequence was there between here | can say your 6 1 was conducting here,

here 6 1 2 then here 1 2, 1 and 2 then here you are getting pulse to 3.

So, the similar here case you are giving this, your the voltage 1 and 3 commutation is
taking place and now it will be going like this. Now, before this here as the condition is
before that the commutation is failed and your at this point again here in this condition
your 1 2 3 are conducting during this period. During this period, your 1 and 2 are
conducting because 3 took the current, but it went back it is off and now 1 2 is are
conducting. So, 1 and 2 are conducting, your voltage will be e AC and it will follow here
this portion till here is a similar to just what | draw in the previous case. Now, the 4 here
we gave the pulse and now the commutation between here the period is 1 2 and 4 means
the commutation between 1 and 4, 2 and 4 was taking place and again it was not

successful.

But mind it here if that is 1 and 4 are there, your output voltage is going to 0 here. And
what happens here during this period some u degree, the commutation was unsuccessful

and then finally, it is again at this point 1 and 2 are conducting, then what will happen?



Again it will follow, e a c it will follow of course, 1 and 2 is conducting. So, it will be
always 1 and c is here because this was taking place, but it is not successful and finally,
here this is it is off. Now, e a ¢ will be there of course, and e a ¢ we have to see where is
the voltage again it depends, it is coming here or it taking more time means it depends
how much you taking. If it is u is here then it will follow here, if it coming here then it

will go here.

So, and then it will be here, it will be going up to this point. We are assuming that is it is
the more longer time if it is coming as | said here how much degree it is commutation
failure period is there. If it is before then it will come here and then it will follow this e ¢
it is no doubt about it. Now, this is going to here and now we are going to fire the 5.
Now, once 1 and 2 are conducting you can see 5 is still negative. See, 1 is conducting
here and 2 is conducting we will see c e c a e ¢ a is negative, where is the e ¢c a? You can
say it is a positive AC so, it will be negative it will not conduct. And once it will not

conduct then it will continue till the turn of 6 so.

Now, let us see the valve voltage 6. 1 and 2 are conducting, here it is ¢ so, it is ¢ b we
required the e ¢ b should be positive so, e ¢ b where e ¢ b? e ¢c b here b ¢ is positive so,
here it is your e ¢ b is your negative, it will not conduct. So, still we have to go further

and then we are reached here.

(Refer Slide Time: 42:15)

« If unsuccessful commutation from 1 to 3 and backto 1 is
completed before 4 fires and if the condition that caused first
failure persists a second failure may occur in the
commutation from 2 to 4 causing DC current back to 2.

= Now 1 and 2 will be conducting.




Now, you are getting gate pulse to 1 and it is conducting so. It will continue to conduct
so. It will further move. Now, we have reached here now still 2 is conducting and we are
getting pulse it will continue it so it will come here. And then the third will come and if
there is no commutation failure there is a commutation between 1 and 3 will be there and
it will be coming back here similar to this point, we are here basically. This curve from
the 2 onwards we are here basically you can see. So, it is here at this point, this curve is
similar to this and then if commutation is not failing, then we will have the sequence

pattern like these voltages and we are having.

Now, you can see here the scenario is totally different than the previous in the double
commutation failure. In once cycle is 2 commutation failures is occurred, this is a very
very fevered condition of the inverter and then it should be very properly it should be
monitored. So, that why here | have written the event of the this figure basically similar
to what | draw. Because it was not very clear now you can see we are getting the similar
pattern, here our this voltage you can see this is your 3 and 1 commutation here failure.
Then it was before that 4 was fired here the commutation was unsuccessful here between
this your 1 and 2 were conducting, then here 4 was given pulse, it was certainly short

circuit. Here, 5 we tried to, no if the commutation was over between fail again 2 and 4.

Then the voltage came here, then we find here 5 it was uncertain because it was a
negative voltage, then we give 6 negative voltage then we give 1 already it was
conducting, then we give 2 it was already commutation here again we are coming 3 and
it is continuing. So, here you can say in 1 cycle now the almost the average voltage is
going to be 0 (()) was negative and that is a very severe case. So, that is why it is writing
in the event of commutation failure persist, then the bridge in which it is occurring why |
am talking the bridge because there may be the series of bridges for the same to electro

voltage.

So, if any of the bridge it is persisting continuously, it should be plugged or should be
bypassed. Otherwise, it is creating lot of problem in your controller as well because
current is changing very haphazardly, also the voltage is going to change your controller
keep on working. And that is it is you know controller may not be able to find the
optimal solution and general consequence may occur so, that is why here you can say

this is it. So, you can say the these are conditions if it is persisting, it should be bypassed.



But there is possibilities now the question if the commutation failure is occurring due to

the low voltages AC here.

So, of course, there is a problem this here the low voltage here as you can say this was
the unsuccessful, next will be also unsuccessful. That is very much quarantining because
if this voltage is less so there is also you will be larger and you are this controller. So, it
may make cost so, but if it is a voltage is coming to normal then it may not be
commutation failure. But if it is a continuously low voltage, then we have to act our
video call so, that we can go for the reduction of the voltage and we can operate it

correctly.

So, that is why here the ¢ a control basically try to control here if this is unsuccessful
here, we have to take care of on the c a control so that we have to fire in advance not to
delayed it to abide. So, these are the basically measures and cures of basically | can say
the commutation failure. So, in this we just analyze as | said the different scenarios are
possible for the commutation failure. How much time after the commutation duration is
occurring? That is the major concern it can go for longer period, it can go for low lesser
period, all this depends upon your the AC side condition, your DC side conditions and

based on that the commutation failure is there.

So, in inverter circuit this is a very common and very persistent phenomena and if it is a
1 commutation fail is occurring in 1 cycle and it is over early matter. But it should not be
the continuously occurring otherwise the even though your bridges are going to be highly
stressed. The voltage across that it is all be very sudden changes here and there so it
should be properly taken care. So, that is why if it double commutation failure is
occurring means there is some problem in may the bridge also and then it should be
blocked and bypassed properly.

So, this ends your commutation failure and that is why | explained very clearly that is the
commutation failure must be understood very properly because it is a very common
phenomena. And here there is no protection scheme for this commutation failure because
it is a self clearing. But if it is a persisting continuously, then we have to take care and
we have to bypass and block the base. So, this I should closed this and in the next
lecture, lecture number 3 we will discuss about the protection schemes, may be we used

the differential protection, we will see over voltage protection, all the protection now we



have to discuss in the combined way. Just we have to save guard our converter on h v
DC lines so, in the next lecture number 3 we will discuss the protection schemes for this
h v DC line. Thank you.



