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56 (SS and S6 conduct) 61(S6 and S1 conduct)
Vbe =-Vdc Vab = Vdc
Vab = Vca = Vdce/2 Vca = Vbec =- Vde2
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12(S1 and S2 conduct) 23(S2 and S3 conduct)
Vca=-Vdc Vbe = Vdc
Vbc = Vab = Vde2 Vab = Vca =- Vdc2
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34(S3 and S4 conduct)
Vab =-Vdc
Vca= Vbc = Vde2
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45(S4 and S5 conduct)
Vca = Vdc
Vbe = Vab = - Vde2



Delta-connection:
Vphase=Vline

Van = Vab
Vbn

=Vbc
=Vca
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300° 360°

240 °

120° 180°

60°

Vline
Van = Vab
Vbn=Vbe

Delta-connection:
Vcn=Vca

Vphase
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HARMONIC ANALYSIS

» Delta 120° from the start

T,=T,w, = *"/;,w, = nw, with Vab odd function

T

2 (To _ 4 (2 _
b, = T—f Vab(e) sSin(wpt) dt = Tf Vab(e) sSin(wyt) dt
0Jo 0

T

T

3 2V,

f —sm(a)nt) dt + j V; sin(w,t) dt + jT ?dsin(a)nt) dt
6 3

TT)2

4V )1 ! T ;
= 71z cos@nDI§ + [ cos(wntng S cos(wntﬂé

4\Vv, [ cos(wnt)] 6.1, [ cos(wnt)] g N Va [— cos(a)nt)]%
T T

Because of the odd symmetry

=> an=0 .:@:.

1. 0 S1 S1 0 0 0
2. 0 0 S2 S2 0 0
3 | 0 0 0 | S3 | s3 | 0
4. 0 0 0 0 S4 S4
5 | S5 | o0 0 0 0 | s5
6. | S6 | S6 | o 0 0 0
0-60° | 60°- | 120 | 180° | 240° | 300°-
120° | 180° | 240° | 300° | 360°
Vab Vd/ 2 Va Vd/ 7 i 2 —Va (- Vd/ 2
Ve Vi | _Va / Va /2 V4 Va /|- Va /
Vea | Yy |Vafy | Va |Vas, | Ve, | Va
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HARMONIC ANALYSIS

by ==  =0,9549,

2 3 4 - v" Because of the 90° -j@}
3V,
3V, Vab = 2 o (et symmetry the even
bs = [ 0,19099Vq L (nwot) components will be equal
S n=okl to zero.
6~ 3Vy 21
3V, Vbc = Esm Nwyt + 3 v" In addition, there is no
b, = - = 0,13642V, n=6k+1 neutral connection, so the
r - ac line currents contain no
3y . 3Vy | < . 27T> dc or triplen harmonics
_ g ca= E ——sin | nw,t — —
b1 11 0,0868V, 61 nT 3



HARMONIC ANALYSIS

1 S1 S1 0 0 0 0
» Delta 120° from the end > 0 S2 S2 0 0 0
o 3 0 0 s3 | s3 0 0
_ 3Vy . nm 4 0 0 0 S4 | s4 0
Vab = E Sin | nwyt + ? 5 0 0 0 0 S5 S5
n=6k+1 6 S6 0 0 0 0 S6
0-60° | 60°% | 1202 [ 1802 | 240°- | 300
> RMS Value for Vab with 120° pulses 120° | 180° | 240° | 300° | 360°
Vab Va Va e Va /, Vg |_Va /, Va /5
1 (T 1 (%" 2 (™ 1 (™ 7 v, v 7 7 —v
Vab(rms) = \/Tfo Vabzdt = \/Efo Vabz do = \/Efo Vab2d9 = \/;fo Vabz do Ve |- d/z d/z d d/z - d/Z d
Vea |- Vd/z —Va |- Vd/z Vd/z Va Vd/2

vz Zn 2 2 2
1 j‘?Vd d9+jTV d9+j‘”Vd i | = 1(V; [ 0]+V2 2m W +Vd 21
7|), 4 n 21 4 ~ 7\2 I3 e 37372 "3
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HARMONIC ANALYSIS

» THDv
Vab,l,rms =
21
Vdc2 9Vdc2 \/Vdczrl 9 9
Vabrms—V r \/ 2 2m? 2 ° 2) (1-7=
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