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Lecture — 47
12 pulse LCC: Part 2
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Let us look at the currents in the delta winding. I A h double prime I B h double prime I C h
double prime. Can I express these currents in the delta winding in terms of the currents [ a h
prime I b h prime I ¢ h prime? So, why we try to do that is finally, we will get expressions for
the currents that are fed to the entire 12 pulse LCC on the AC side. See what I am talking
about are these currents, I want expressions for this. We will show that there are some

harmonics that get eliminated in these currents which are actually present in these currents. So,



there are these currents which are fed to the individual 6 pulse LCC. There are some

harmonics that get eliminated in the currents that are fed to the entire area 12 pulse LCC.

So, that is something which we are going to establish. So, to find the currents which are fed to
the 12 pulse LCC, I know what is the current that is flowing for example, here. Let me just
erase this. What is the current that flows here? Can I write an expression for this current in

terms of a current which is already in the figure?

Student: (Refer Time: 01:36).

Yeah. I am talking about the current here.

Student: (Refer Time: 01:43) is same as.

I'ahinto by N 1, say it is in terms of this current I a h ok.



(Refer Slide Time: 02:01)

it Comprt rﬁ

hﬂ‘emaﬂ;‘-‘ cpanp? ks

ot Traws taw”““‘ ave ideet

= ot b P L convected &
(rakt Pul:.@

&, bl iwshaute
el vaedieg are loged 0730
- e e
;LL;& pes ot b Plie LeC e

W‘jg'w"‘td&& wimd—i-‘\j-

So, I can write this as, see please note we have made some assumptions if you recall. I also
said the transformers are ideal. Please note our transformers are ideal transformers no leakage
mductance also ok. So, the 2 currents are related and, let us assume that these 2 transformers
are obtained from 3 single phase transformers. So, if you take this wye-wye transformer, it is
obtained from 3 single phase transformers. You should take this wye delta transformer; it is

obtained from 3 single phase transformers. So, this current is N 2 by N 1 into.
Student: I a h.

I a h. So, similarly I can get the currents that are flowing here as well as here. So, here I show
the currents as entering the dot. So, you are familiar with the dot convention I suppose. In the
other winding the currents are leaving the dot ok. So, I will not get into those details of dot

convention here, I presume you are familiar with it. So, this is N 2 by N 1 I b h and this is N 2



by N 1 I ¢ h. Now what is the current that is flowing in? Suppose I take this winding what is
the current here? So, instead of N 2 I have root 3 N 2 on the other side. So, it is root 3 N 2 by
N 1 into.

Student: I a h.

Tah.

Student: double prime.

Double prime ok. So, similarly I can show this is N 2. So, the current that is flowing in this
winding is root 3 N 2 by N 1 I b h double prime and the current through this winding is root 3
N 2 b N 11chdouble prime. Now if I take the currents that are entering the 12 pulse LCC,
that is the current I with a subscript uppercase A h. So, if I take these 3 currents it can be
written as sum of 2 currents, one is suppose [ take lahitis N2 by N 1 [ a h plus root 3 N 2

by N 1 I a h double prime ok.

So, let me write expressions for these 3 currents which are entering the 12 pulse LCC. Please
note the 12 pulse LCC has a AC side which has only 3 terminals ok, though there are 3
terminals for 2 6 pulse LCC. Individually the entire 12 pulse LCC has only 3 terminals on the
AC side. So, let me write expressions for this [ a h I b h I ¢ h which.
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So, if I take I A h by Kirchhoff’s current law, it is equal to N 2 by N 1 I a h plus.

Student: Root.

Root 3 N 2 by N 11 a h double prime. Similarly, I B h is equal to N 2 by N 1 I b h plus root 3
N2byN1Ibhdouble primeand | ChisN2byN1Ichplusroot3N2byN1Ich
double prime. Now this is ok, but I have expressions for [ a hI b h I ¢ h. I do not have

expressions I a h double prime I b h double prime I ¢ h double prime.
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See if you just go back to the previous page, the last 6 equations give equation I mean

expressions for [ah I b h I ¢ h and also they give for this I a h prime I b h prime I ¢ h prime,

but for double prime currents I do not have the expression.

So, how to get the expressions for see only if I get this double primed current expressions, |
can get the current expressions that are actually feeding the 12 pulse LCC ok. So, can I write

this double prime currents I a h double prime I b h double prime and I ¢ h double prime in

terms of [ a h prime I b h prime I ¢ h prime?

Student: Yes.



By like Kirchhoff’s current law ok. So, how to do that? So, you take one of the terminals of
the delta connection and apply suppose I take one of the terminals if you look at the circuit I a

h double prime minus I ¢ h double prime by Kirchhoff’s current law is equal to what?

Student: I a h prime.

I a h prime. So, I am referring to this circuit please note I am referring to this circuit. So, [ a h
double prime minus I ¢ h double prime is I a h prime. Similarly, I b h double prime minus I a h

double prime is equal to what equal to what?

Student: I b h prime.

I b h prime and I ¢ h double prime minus I b h double prime is equal to I ¢ h prime. So, these 3
equations are obtained by applying Kirchhoff’s current law to the 3 terminals of the delta
connected winding, but from this can I solve for I a h double prime I b h double prime I ¢ h

double prime? I have 3 equations 3 unknowns, can I solve?

Student: (Refer Time: 08:27).

Yeah there are only 2 equations, why? Why there are only 2 equations?

Student: First one is the linear combinations.

Yeah how, so, if you take.

Student: First one.

So, subtract the do you get that? See, one is a linear combination of the other if you can get
one of the equations by linear combinations of other equations, but how do you say that I can

get say for example, third equation from first two?



Student: You add the.

Yeah if you add for example, if I take if you just add fine. I left hand side is fine what about
right hand side?

Student: a plus b plus c is 0, right.

How? See go to the circuit, how is it 0? See a plus b you are saying that [ a h prime I b h

prime and I ¢ h prime is 0.

Student: Yes.

How? How is it 0? I mean if you know how it is 0, 0 maybe ok, but how?

Student: There is no (Refer Time: 09:33).

See I know only Kirchhoff’s current law applied to a node, these are not currents flowing out

of the node or flowing into the node.

Student: We already have the equation.

Yeah we have the equation look at the equations. So, I have the equations right.

Student: Yeah.

From equation I can say that I a h prime plus I b h prime plus I ¢ h prime is equal to 0.

Student: 0, yeah.



So; that means, I cannot solve for I a h double prime and I b h double prime and I ¢ h double

prime in terms of [ a h prime [ b h prime I ¢ h prime using these equations.

Student: Yes.

Because there are only 2 independent equations; there are no 3 independent equations. So, I

need one more, what is that?

Student: Sum 0, (Refer Time: 10:13).

You can try solving you can try to solve for these double prime currents in terms of single
prime, you will see that there is a problem. What will be the problem? I mean when it is
actually less number of equations and more number of unknowns ok. So, you cannot get a
solution that we want. So, I need one more equation which is independent of these 3 that the

sum of these primed currents, double prime currents is equal to 0 if you apply.

Student: KCL.

KCL to this.

Student: Node yes.

Node ok? So, from this node, I get that I a h double prime and I b h double prime and I ¢ h
double prime add to O right.

Student: Yes.

So, that is obvious. So, what I can say is say there is a common factor root 3 N 2 by N 1. So,
if I ignore that common factor it is not 0. So, I can cancel out the common factor as long as it

is not 0 it is not 0. So, I a h double prime plus I b h double prime plus I ¢ h double prime is



equal to 0 by applying the Kirchhoff’s current law to the neutral of the wye winding of the
wye delta transformer by KCL applied to the neutral of the wye winding of the wye delta

transformer.

So, now there are no I mean it is not 4 equations, I have to take say any 3 equations. So, any 2
among these 3 say suppose I take the first 2 and then this one. So, if I solve these 3 equations
for I a h double prime I b h double prime and I ¢ h double prime, I get it get the expression in

terms of single prime quantities. So, if you solve what do you get? I a h prime minus.

Student: Ib h.

I b h prime that is all.

Student: By 2.

By 2.

Student: By 3.

By 3, please check it is 1 by 3 into I a h prime minus I b h prime.

Say, it is just solving 3 linear equations, 3 linear equations the 3 unknown quantities are the
double primed currents in terms of single prime currents you have to solve that is all. So, that

is I a h double prime. Then did you get I b h double prime? I a h prime plus 2 I b h prime.

Stuent: By 3.

By 3, ok fine then I ¢ h double prime; see once you know the 2 double prime quantity, so, it is

equal to 1 by 3. So, it is say I should take the what I am trying to say is this is minus I a h



double prime minus I b h double prime. Now there is one more thing here. If you come look at

I b h double prime, can I say that this is equal to 1 by 3 I b h prime minus I ¢ h prime?

Now, this is because I a h prime plus I b h prime plus I ¢ h prime from the expressions for
these currents is equal to 0. So, I a hplus I b h I a h prime plus I b h prime is minus I ¢ h
prime. So, I can write this as 1 by 3 I b h prime minus I ¢ h prime. So, if I want I ¢ h double
prime, so, take the negative of I a h prime and take the negative of I b h I mean take the
negative of I a h double prime take the negative I b h double prime add them and use this
equation again; I a h prime plus I b h prime plus I ¢ h prime or ok I need not even use that. I
will directly get this. Its equal to 1 by 3 I ¢ h prime minus I a h prime because I b h prime gets

cancelled ok.

So, that is straightforward. Now what I need to do is substitute this expression for I a h prime
in this equation, substitute this expression for I b h prime in this equation and substitute this
expression for I mean sorry all these are double prime currents I a h double prime I b h double
prime and I ¢ h double prime expressions have to be substituted here ok. So, I will just I need

a very long page. So, I will go to the next page in order to substitute this.
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So, if I take I A hitis equal to N2 by N 11 a h plus root 3 N 2 by N 1 into I a h double
prime. Now instead of [ a h double prime I write 1 by 3 I a h prime minus I b h prime; 1 by 3 I

a h prime minus I b h prime.

So, now you see that I have the expression for this I a h which is the current on the AC side of
the 12 pulse LCC. In terms of these known currents I a h I a h prime and I b h prime, now I
have the expressions for these currents. See you got the expressions for these currents; [ a h is
Iahatanangle 0,1 bhisI ah at an angle minus 120 h and so on. So, I substitute these

expressions now. So, this is equal to N2 by N 1 T a his I h at an angle?

Student: 0.



0 plus N 2 by N 1 into root 3 by 3 is N 2 by root 3 N 1 [ a h prime is I h at an angle?

Student: Minus 30.

Minus 30 degree into h minus I b h prime, we have the expression it is I h at an angle minus?

Student: (Refer Time: 17:11).

150 degree into h, right. Now, I need to simplify this further. So, for the sake of simplifying I
cannot just keep a general expression I have to take special cases, otherwise we will not be

able to simplify.

See only if I go to special cases; see what are the special cases? The special cases are
fundamental and harmonics; h is 1 for fundamental and h is equal to 6 k plus or minus 1 for
harmonics. So, let me split this into 2 special cases. So, the first special case is for h equal to 1.
So, when h is equal to 1, what I get is N 2 by N 1. So, h is equal to 1 means I a h becomes I 1,
I1 at an angle 0 plus N 2 by root 3 N 1 I h becomes again I 1 minus 30 degree into h becomes

minus 30 degrees minus again I 1 minus 150 degrees.

So, this is the expression if h is equal to 1. So, h can also take the values of the harmonic
component orders. So, in that case h is equal to 6 k plus minus 1. Now, I will replace this h by
6 k plus minus 1 only in the phase angles not in the subscripts for the current magnitude it is
not necessary. So, I will still write I h as Th itself, but when it comes to the second term N 2 by
root 3 N 1 I h, I substitute here h by 6 k plus minus 1 minus I h minus 150 degrees into 6 k

plus minus 1.

So, this is the expression applicable if h is equal to 6 k plus or minus 1 and k is equal to 1, 2, 3
and so on up to infinity. Now the intention of going to special cases is simplifying; see now we
can simplify. Suppose h is equal to 1 can we simplify? What is I 1 at an angle minus 30 minus [

1 at an angle minus 150?



Student: I 1 (Refer Time: 19:51).

Isit I 1 at an angle 0, phase angle is correct; root 3 I 1 at an angle 0. So, let me write one
more step. N2 by N 111 at an angle 0 plus N 2 by root 3 N 1 into root 3 1 1 at an angle 0, if
h is equal to 1 is that ok. Now you see that it easily gets simplified, that root 3 gets cancelled.
So, it is nothing but 2 times N 2 by N 1 I 1 at an angle 0. Now if I want to simplify the other
things ok. Let us see how to simplify this, for harmonics it is N 2 by N 1 I h at an angle 0 plus
N 2 byroot 3N 1 into I h.

So, is there any simplification for this minus 30 degree ok, let us first multiply this 30 degree 6

k, any simplification for minus 30 degree into 6 k?

Student: (Refer Time: 21:08). Minus 30.

Minus 30 degree into 6 k.

Student: Minus 180k.

Minus 180 k minus 180 k. Now let me first write one more step; minus 180 degree into k.

Student: Minus 30.

Minus 30 into plus minus 1 will give minus plus 1.

Student: 30.

Sorry minus plus 1 into 30 minus plus 30 degrees.



Now, one should note what is this order plus minus. If you look at the expression for h here,
the expression for h is 6 k plus minus 1, so; that means, when you take plus sign in the

expression for h you get plus sign here, if you take minus sign you get minus sign here also.

Similarly, when you take plus sign in the expression for h you get minus sign here that is the
point. See the order of plus and minus is important. See, it actually means what is the sign you
get when you get plus sign in the when you take a plus sign in the expression for h and minus
sign in expression for h; minus I h minus 150 degree into 6 k. So, what do you say? 150 into 6

is of course 900 k, any simplification possible?

Suppose I take minus 150 degree into 6 k ok, so, this is minus 900 degrees into k. So, can |
write this as minus 720 degree into k minus 180 degree into k? So, what is this 720 into k? k is

an integer, k is a positive integer. So, minus 720 is 2 times 360.

So, that is 0. So, this is equal to minus 180 degree into k. So, it is minus 180 degree into k.
So, minus 150 into plus minus 1 is minus plus 150 degrees, if h is equal to 6 k plus minus 1, k

is123soon.
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Now, this can be written as. So, the if you take the first case h equal to 1, so, the root 3 in the
second term gets cancelled in the numerator and denominator. So, it is 2 times N2 by N 111
at an angle 0, if h is equal to 1 ok. So, I forgot to close the bracket here ok. Now what is a

simplification of the case for harmonics? Can I simplify it further? Can I simplify this further?

Yes or no?

Student: Yes.

How? How, can I simplify this? Any clue?

Student: (Refer Time: 24:51). We one should note that whenever k is an even integer this

becomes 0, 180 degree into k is 0 when our k is an even integer and whenever k is odd it is

minus or plus 180; minus 180 or plus 180 are one and the same ok. So, there are actually 2



further special cases. So, I split this special case into 2 further special cases; one case being k

odd another is k even. So, let us do that.

So, it is N2 by N 1 I h at an angle 0 plus N 2 by root 3 N 1 into I h. So, what I will do is I will
first take the easier case one first ok. Now at this stage it may be difficult to say which one is

easy. Odd value of k is easy or even value of k is easy?

Student: Even (Refer Time: 25:49).

Student: Even is easy.

Why, yeah even is easy?

Student: It goes away.

Yeah it goes away; let us take even first then. So, it is equal to just minus plus 30 degrees,
then I h at an angle minus plus 150 degrees, if h is equal to 6 k plus minus 1 and k is 2 4 6 so
on. Now let us take the odd values of k. So, it is N 2 by N 1 I h at an angle 0 plus N 2 by root
3 N 11 h at an angle what?

Student: 180 minus plus 30.

So, 180 minus plus 30.

Student: Minus.

So, can I simplify that?

Student: Yeah.



What is 180 minus 30?

Student: 150.

See what I have here is this. See I can take minus or plus 180, they are one and the same. So,

when our k is odd it is 180 with a minus or plus sign minus plus 30. So, 180 minus 30 is?

Student: 150.

150, 180 plus 30 is?

Student: 210 minus 150.

210. So, this 210 is nothing but?

Student: Minus 150.

Minus 150. So, can I say that it is plus minus 150?

Student: Yes.

Minus I h similarly.

Student: Plus minus.

k is odd. So, 180 minus plus 150 is?

Student: 30 degree.



Plus minus 30.
Student: Yes.
Plus minus 30. So, I will erase these things.

(Refer Slide Time: 27:55)

)"é‘ Laskrllk=2"."b'_ =

{

R AU S

= N, ~ |FIs0
We 1+ 130 - L BB

[N Me (T, 2=
My L+ an ( -

o :c') l L-—skjll k= 1,3, ' -“:"
Ja o # Ha £150 "It.LrL—-—- ! '
._.'_| ‘O ; I(- L_._-—

2o, iy b y
22,46, ---
SN N gT10 i} LebkElE
= 'a~.T,jl-lQ4'r:;r~l.JEL X 3,5,---

- el k=l
Ne o (04 No (G118, i 12
TJTE'"L‘“+J£M.F i . " rs.o-_.th;_g:-ﬁI\,\L@Q—‘-J
o500 =rJ.;l..-——- =L -
Fhﬁ?iﬂf"u-fﬁ; rJT e [Ikﬂ‘ih@;ﬁl“m
T LEE_*-'N‘ =l
k

So, this is applicable if h is equal to 6 k plus minus 1, k is equal to 1.

Student: 3, 5.

3 5 so on. Let us take all these cases. So, the first case is asitis. 2 N 2 by N 1 I I at an angle
0, if h is equal to 1, then the second case N 2 by N 1 I h at an angle 0 plus N 2 by root 3 N 1.



Now, there are 2 cases here. See one is I h at an angle minus 30, minus I h at an angle minus
150. T have to do this. The other thing is see when I take the top sign in the first term, I have
to take the top sign in the second term also, because top sign is minus means it actually means

I am taking the expression for h as 6 k plus 1.

Student: Yes.

The bottom sign corresponds to h equal to 6 k minus 1. So, I also need I h at an angle 30
minus I h at an angle 150. So, what is the first I h at an angle minus 30, minus I h at an angle

minus 1507

Student:Rroot 3 I h.

Root 3 I h minus 30.

Student: 0.

Minus 0.

Student: 0.

Right. What about this case, root 3 I h?

Student: 0.

0. So, whether it is the top sign or the bottom sign, what I get is root 3 I h at an angle 0, is
that ok. In both cases I get root 3 I h at an angle 0 ok. So, this is applicable if h is equal to ok.
Let me just put this in bracket, this is just intermediate computation; 6 k plus minus 1, k is
equal to 2 4 6 so on. Now, let us go to the other case, k is an odd integer. N2 by N 1 [ h at an
angle 0 plus N 2 by root 3 N 1.



Now again I have 2 cases: | h at an angle 150 degrees minus I h at an angle 30 degrees and the
other case is | h at an angle minus 150 degrees minus I h at an angle minus 30 degrees. So,

what is the first one?

Student: Minus 150 degrees is (Refer Time: 30:54).

We can say it directly?

Student: Because (Refer Time: 31:02).

Yeah fine ok. So, what do we get finally?

Student: (Refer Time: 31:16).

So, in both cases it is root 3.

Student: (Refer Time: 31:19).

180, ok. So, root 3 I h at an angle 180. So, this is if h is equal to 6 k plus minus 1, k is 3, sorry

13 5so0on.
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So, we have come to the last step 2 times N 2 by N 1 into I 1 at an angle 0 for fundamental, if
h is equal to 1. Now, if h is equal to 6 k plus minus 1 and k is an even integer then what is the
simplification? So, you see that root 3 in the second term the numerator and denominator gets
cancelled. So, it is 2 times N 2 by N 1 I h at an angle 0, if h is equal to 6 k plus minus 1 k is
equal to 2 4 6 so on and the last case is 0, if h is equal to 6 k plus minus 1 k is equalto 1 3 5

SO on.
So, if you look at this expression this is the expression for what I a h, please note we started

with this expression for I a h. One of the AC side currents of a 12 pulse LCC. So, what is this

0 for odd values of k; that means, some of the harmonics are getting.

Student: Eliminated.



Not some infinite number of harmonics are getting eliminated. There are infinite harmonics
half of them are getting eliminated ok. So, of course, one can verify what happens to [ b h and
I ¢ h also. So, I will not go through the exercise for I b h and I ¢ h, I will ask you to derive
this. It is not obvious. Please note the expressions are not obvious. Even I b h you cannot

directly say what is the expression for I b h by looking at the expression for I a h ok.

If it is obvious then you should be able to guess, though some of them you can guess. You can

I mean this one I guess I mean this one should be possible right. What do you expect?

Student: Minus 120 (Refer Time: 33:48).

So, it is 2 times N 2 by N 1 I 1 for h equal to 1 it is?

Student: Minus 120 degrees.

Minus 120 degrees if h is equal to 1. Now for harmonic with even values of k, what should be
the expression? Can you guess? It appears as if say these are all balanced. So, the magnitude is

obvious, but the phase angle is not.

Student: (Refer Time: 34:20).

So, it is the 2 N 2 by N 1 I h minus ok. So, I will leave it to you to verify that this is minus
plus 120 ok. So, if h is equal to 6 k plus minus 1 and k is equal 2 4 6. So, this minus 120
comes when you take 6 k plus 1 and plus 120 will come if you take h is equal to 6 k minus 1.
So, that is something which you have to verify and of course, when k is odd you get 0; that is

something it is easy to guess.

So, ifh is equal to 6 k plus minus 1 and k is 1 3 5 so on you get this.
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So, even I ¢ h is not obvious the phase angle whenever the harmonic component does not get
cancelled. So, I will leave it to you to verify. Thus this is 2 times N 2 by N 1 I 1 at an angle
plus 120 degrees if h is equal to 1 and 2 times N 2 by N 1 I h at an angle what any guess?

Student: Plus minus 120.

Plus minus 120; again, please derive this if h is equal to 6 k plus minus 1 k is equal to 2 4 6 so

on. And it is 0 if h is equal to 6 k plus minus 1, k is equal to 1 3 5 so on.

So, I am asking you to derive these expressions for I b h and I ¢ h I have only derived for I a

h. Now if you look at this AC side currents of the 12 pulse LCC then what are the harmonic



components that are present? 6 k plus minus 1 and k equal to 2 4 6. So, I can say that its

equivalent to.

Student: (Refer Time: 36:22).

harmonic for order h equal to 12 k plus minus 1 for all positive integer values of k ok. So, the
harmonic components in the AC side currents of 12 pulse LCC are of order h. So, instead of
saying 6 k plus minus 1 k is equal to 2 4 6, I will straightaway say that it is 12 k plus minus 1,
k is equal to 1 2 3 so on. Is that ok? Now these are as far as the harmonic components on the
AC side is concerned. So, you see an advantage; the advantage is half the number of

harmonics are getting eliminated.

So, what the harmonics 5th and 7th which were there in 6 pulse are no longer there. The
harmonic components 15 sorry not 15, 17 and 19 are no longer there ok. So, half the numbers
of harmonics are getting eliminated. So, the dominant harmonic now is not 5th it is 11th. So,

this as far as AC side is concerned what about the DC side?

See DC side there is I mean let me take the simple case of constant current on the DC side,
then there is no question of harmonics in the current, but what about voltage? Voltage has
harmonics. Now if you take the 6 pulse LCC the voltage harmonics are of order what the DC

side voltage? 6 k ok. Now what do we expect for 12 pulse LCC?

Student: 12 k.

12 k. So, it can be proved of course, that can be proved. Now there is no question of
fundamental on the DC side what we have on the DC side is not fundamental what we, what is
there on the DC side? It is the average value ok. So, what do we expect for the average value
of the DC side voltage on the of the 12 pulse LCC? So, since they are connected in series on
the DC side, look at the circuit; the minus sign terminal of the first 6 pulse LCC is connected

to the plus sign terminal of the other 6 pulse LCC.



So, since the 2 voltages I mean these 2 voltages are appearing in series, the DC side or the
average value of the entire 12 pulse LCC is sum of the averages of the two 6 pulse LCC’s. So,
that is obvious, but what happens to harmonics is the question. Now for harmonics on the DC
side we take a different expression for h, see for AC side we took h equal to 1 for fundamental

6 k plus minus 1 for harmonics.

Now we will consider only harmonics there is no fundamental, there is a DC or average
component. So, when it is having 1, I mean we are considering only harmonics h is equal to 6

k, for k is equal to 1 2 3. So, this is on the DC side.

Now, even in the figure we have written this use this notation V h and V h prime. Now I said
that we are using this notation for I mean what is this notation standing, for V h or V h prime?
I think see on the DC side h is equal to 6 k for harmonic component. So, h is defined only for

harmonic components.

So, I am only showing the harmonic components in the figure. When I say V h and V h prime,
it is not that average value, h is standing for harmonics ok. So, we are trying to analyze what

happens to the harmonics. So, V h and V h prime are actually the harmonic components.

So, can I get an expression for V h and V h prime? Suppose I take V h as V h at an angle 0, h
is any harmonic component; 6th harmonic 12th harmonic 18th harmonic anything ok. So, for
each I take say V h as the complex V h as V h at an angle 0, then what is V h prime, what is

the magnitude?

Student: (Refer Time: 41:00).

It is having the same magnitude, what about phase angle?

Student: Minus 30 h.



Minus 30 h, because the voltages that are applied to the second 6 pulse LCC are lagging the
voltages applied to the first 6 pulse LCC by 30 degrees. The gate pulses are also delayed by 30
degrees. So, due to that this is minus 30 degree into h. So, here his equalto 6 k and kis 1 2 3
so on. Now these are the voltages on the DC side of the 6 pulse LCC, there are two 6 pulses.
Now if I take the total circuit its 12 pulse LCC.

So, what is the DC side voltage on the 12 of the 12 pulse LCC? See, if | take any harmonic
component in the DC voltage of 12 pulse LCC, can I get that from the expressions for the
voltages of 6 pulse LCC?

Student: 2 times.

Student: 2 times.

2 times. See if you look at the circuit I have written expression I mean I have used a notation
V h for the DC side voltage of the first 6 pulse LCC, I have used a notation V h prime for the
on the DC side of the second 6 pulse LCC. Now, I want an expression for any harmonic

component on the DC side of 12 pulse LCC in terms of these two.

Student: 12.

They are connected in series. So, it is V h plus?

Student: V h prime.



(Refer Slide Time: 42:53)
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V h prime. So, if I take the sum of V h and V h prime what do I get? So, V h'is V h at an
angle 0 and V h prime is V h at an angle minus 30 degree into h. Now we know that h is equal

to?

Student: 6k.

6 k. So, k is equal to 1 2 3 so on. So, this simplifies to V h at an angle 0 plus V h at an angle

30 into 6 is minus 180 degree into k, k is equal to 1 2 3. So, how to do further simplification?

Student: Even and odd.



So, split it into 2 special cases, even and odd. So, it is if I take this easier case even case first,
it is V h at an angle 0 plus V h. So, when k is an even integer this is 0. So, when k is equal to 2
4 6,1t is 0 and it is V h at an angle O plus V h at an angle 180 degrees or minus 180 degrees,
then k is equal to 1 3 5 so on. So, finally, this simplifies to 2 V h at an angle 0. So, what I am

writing here is the expression for V h plus V h prime.

So, it is 2 V h at an angle 0 when k is 2 4 6 and whenever k is odd, the sum of these 2 voltages
is 0. So, we say that whenever k is odd the harmonic components are eliminated and whenever
k is even the harmonic components are just added ok. So, we can say that half the numbers of

harmonics are eliminated.
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So, the harmonics that is present on the DC side voltage of 12 pulse LCC; so, the harmonic

components on the or in the DC side voltage in the DC side voltage are of order h is equal to.



So, instead of saying h equal to 6 k, k equal to 2 4 6, what I will say is h is equal to 12 k, k is
equal to 1 2 3 so on. So, earlier we had 6th harmonic 12th harmonic 18th harmonic 24th

harmonic for 6 pulse.

For 12 pulse, it is 12th harmonic, the first harmonic is 12th harmonic then 24th 36th harmonic
48th so on ok. So, there is a harmonic elimination on the DC side also. So, we see that there is

some advantage with 12 pulse.



