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Chapter - 14
Lecture - 39
Multipulse Converters (Contd.)

Welcome to the course on Power Quality. We will carry forward the discussion of

multipulse converter.
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Today, we will talk about the classification of unconventional multipulse AC-DC

converter.
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This is the classification of unconventional multipulse AC-DC converters.
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20 and 40-pulse AC-DC convertor
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So, coming to 20 and 40-pulse converters. Here, you can see this, first we are taking non-
isolated. In this, we are taking out of transformer and 3-phase supply with the help of this
polygon autotransformer is converted into two 5-phase supply. So, two sets of 5-phases
are phase staggered from each other, then you have two 10-pulse converters and of
course, we combine them together. Load may be like simply a vector controlled
induction drive or any other load for which you require input power quality
improvement. But, there may be another load also which require a kind of DC voltage

source with the unidirectional power flow.
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And, this is typically the connection of the transformer.
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N
40-Pulse AC-DC Converter

And, this is another transform connection which you can call it a T connection

transformer.



(Refer Slide Time: 07:54)

. Polygon connection of the proposed autotransformer for
#9 40-pulse converter and its phasor representati
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And, this is the typically the phasor diagram which has typical phase staggering.
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Design of Autotransformer for 20-Pulse and

40-Pulse AC-DC Converters

Q Consider that the mput phase voltage is V (=VACN3)
and two set of five voltages fed to each bridge be V,

(M a five leg bridge converter T
and Vy, Vi, Vo, Vip, Vi, to converter H)

ol gl e
Q Consider the following set of three-phase supply voltage /
applied to the windings as:
V, = Vo9,V =V, £-100°, V=V, A20° 9
Q Two set of required voltages for converters [ and IT are: 7
= = g : - = = g /
%) -VSZ 9"\%2 =V £-8E, Vg =V L-153, Vo =\ 435, Vez-VZGS"

And, these are the design considerations of autotransformer for 20 pulse and 40 pulse
AC-DC converters.
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The voltages for the converter | are:
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These are the voltages for the converter-I
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The voltages for the converter Il are:

Va2 =Valz—18°=VA —K]VAB +I(2VBC

T

Vi =VBK7Vca tKgVap

Vo =YBXoVBc tX10Vea KnVec tR12Vea

Vo=V Koo KioVap

Ver=Va +K1Vea Ko Ve tKsVea K4 Vie

(% Vyg=B VB0 Vo =B Vg0, Vi, =BV B¢
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And, these are the voltages for the converter-11.
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Above eqns. give the values of constants K, to K3
for desired phase shift as:

K, = 00142, K, = 0.1493, K, = 06163, K, =04264, K,
=0.0751, K, = 02685, K,= 05007, K, = 02573, K=
00394, K= 02391, K= 0.1469, K,,= 02123, K, =
0.9079 e
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Isolated 40-Pulse AC-DC Converter

And, this is isolated 40 pulse AC-DC converter. So, primary is normal delta connected
and the secondary is connected in delta polygon connection for getting a proper-phase
shift.
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Single polygon secondary connection of a
dual five-phase input transformer and its
phasor representation

And, this is the typically phasor diagram.
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Performance Evaluation of 20
and 40 Pulse Converters
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And, now coming to the performance of 40 pulse diode rectifier fed VCIM drive. This is
supply voltage, this is current and when during starting of course, it takes more current
from supply but once it comes to steady state almost at no load or little higher load it

draws more current, but you can see the supply current remain sinusoidal as well as

balance.
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And, this is the THD you are getting typically of 5.5 percent of the current at light load
condition and at full load condition you are getting the THD of 2.23 percent. Of course,

Input current waveform
of 20-pulse AC-DC
converter at full load and
its harmonic spectrum

Input current waveform
of 40-pulse AC-DC
converter at full load and
its harmonic spectrum




we are not considering the leakage reactance of the transformer substantially here, but
you can adjust the leakage reactance. And the THD can also reduce much lesser than 5
percent and we are considering the typically filter only the capacitive filter.
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Comparison of Simulated power quality
parameters of the VCIMD fed from
different AC-DC converters

Topo- | o AC Mains % THD of Distortion Displacement Power DC Voltage
logy | THD Current |, (A) I a Faclor, OF Faclor, DPF Faclor, PF (]

Vi ught | Fut [ght | Rt | Ut | Pt | uom | Fat | ugw | Pt | Lignt [ Fur

load | Load | Load % Load Load Load Load Load load | Load | Load

Gpulse | 641 | 5006 | 1493 | 3399]| 6266 | )0o49 | 08469 | 00621 | 09776 | 0828 | 09621 | 5538 | 563
/
Wpuise ‘am'weg‘uy'asas‘ 00983 | 09984 | 0919 | 0994 | 09907 | 09924 | 6259 | 6353

Wpuise | 3138 | 3971 | 1361 | 2228 (‘3&51 ) ses | oset | 0%972 | 0ou9s | 0964 | 09985 | 6321 | 6349

.
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And, this is a comparative analysis of simulated power quality parameters of VCIMD fed

from different AC-DC converters.
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Hardware Implementation

#~  Photograph showing top-view of hardware prototype
’9 developed in laboratory for 40-pulse AC-DC converter
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And, this is photograph of prototype which has been designed and developed in the
laboratory environment.
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Power quality parameters of hardware
implementation results obtained for 20-
pulse and 40-pulse converters
3 Load, THD ACMains | THD of | Crest Displace- Power Dc Load
B (kW) ofVs [ Currentl, |1 (%) | Factor, ment Faclor, | Faclor, | Voltage (V) | Current |,
g (%) A) CF DPF PF A)
<
149 | 15 | 378 | 46 14 099 |09942 | 3417 | 441
N
'c':o 29 | 18 | 750 | 36 14 100 0992 | 3401 | 8.01
% 534 | 17 | 1337 | 18/] 14 1.00 [09963 | 3348 | 1454
738 | 14 | 1849 1.5/ 14 100 0993 | 3321 | 2147
154 | 09 | 389 | 27/ 14 1.00 [09964 | 3439 | 436
'S
1'30 39 | 1.7 | 997 | 25 14 1.00 (0999 | 3399 | 11.39
% 593 | 24 | 1479 | 26 14 100 09999 | 3359 | 17.21
F O o
‘ Q 747 | 29 | 1821 | 227 14 1.00 (09999 | 3336 | 21.71
N‘ EL

And, these are the power quality parameters of hardware implementation results obtained

for 20 and 40 pulse converters.
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Comparison of active-magnetic power ratings
in different AC-DC converters

Sr. | Topo- Main Interphase | ZSBT | %Total

No. | logy Transforme | transformer | Tating ‘ magnetic
r rating rating %of | rating
% of load % of load load | ofload
1 | 20puse | 537277 241 —| - | 56137

2 | d0puse 5372 0T 283, 5126

And, this is the comparison of active magnetic power ratings in different AC-DC

converters.
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And, these are the test results showing input voltage and current waveform with their
harmonics spectrum for 40-pulse AC-DC conversion at light load and full load.
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And, this is the 3-phase supply current along with the voltage how it looks like almost
like a sinusoidal current.
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And, this is the of course, the supply voltage, supply current, load voltage, and load
current.
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Isolated 40-Pulse AC-DC converter

o | %TH | %THDfI,, |DF DPF [ PF DC Voltage
v

g D a v
8| v,

<

Ful |light |Ful  |Light |Ful |Light |Ful |Light |Ful |Light
load |Load |load |Load |Load |Load |Load |Load |Load |Load

6-pulse | 4056 | 2481 2793~ 0815 | 9943 | 9608 96 | 951 | 9575 27192 | 2044

12-pulse | 3278 | 9730 | 1219 | 9915 | o087 | sou7 |90 | .o@6 | 9912 | 2837 | 2887

A 2 3

18puise | 1487 | 2776 | 5,360/' OTI6 | 9897 | 995 | 99 | 977 | 9883 | 2891 | 2973 |

puise | 3051 4874 637 S | 90 | 964 |9 | .93 | 955 00 | 3029

40-pulse | 1350 | 2060 (2%/ 9019 | o979 | 9097 |99 | 91 | eo75 | 2017 | 2031

#3
&y
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And, these are the comparison result of 40-pulse AC-DC converter with 6,12,18, and 20

pulse AC-DC converters.
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Now, coming to another set of unconventional converter of 28-pulse and 56-pulse
converters. Here, we are converting virtually the 3-phase supply with the help of this
delta polygon transformer to two sets of 7 phases. | mean like, this is one 7-phases set
and this is another set of 7 phases and that we are rectifying, this is giving two sets of 14-

pulses and this interface transformer convert it into typically 28-pulse converter.
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And, if you want to go for 56-pulse pulse by doubling or by ripple injection, then you
have to use ZSBT here. So, with the help of ripple injection circuit i.e., by the interface
transformer and 2 diodes, we are able to get 56-pulse converter.
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#~  The proposed transformer winding arrangement having delta primary
{ :) and polygon secondary for 56-pulse AC-DC conversion.
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And, these are the typical transformer connections.
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56-pulse AC-DC Converter

K, =02239, K,=03309, K,=04297, K, =02022,
K, =00386, K,=02248, K,=05I88, Kg=0.175,
K, =00762, K, =00675 K, =02368, K,,=0.3505,
K,;=02920, K,, =0.1457, K,s=0.1122, K, =0.6606.
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7
NPTEL

In case of 40-pulse you were getting 13, but, here you are getting 16 constants because
you have a several segment of a winding connections.
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L
Single polygon secondary connection of the
input transformer and its phasor representation

And, this is the typical phasor diagram of single polygon secondary connection of the
input transformer.
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And, this is the interface transformer, | mean, with the pulse doubling or ripple injection

you can make the-pulse double by using these relations.
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Design of Transformer for 28-Pulse and 56-
Pulse AC-DC Converters —

— 0, =643°
The phase angles of various 8, =6, =0, =38.57°,
phasors shown are: 9.0 -0 16
0, =10.71°,
6, =27.86°.
Consider that the input phase voltage is V, 1=VecN3)

and two set of seven secondary phase voltages fed to

each bridge be V (Vsy1,Vsia Vsiz Vs Vsis, Vs16y\sr17
%) to the seven leg bridge converter tand Vgy;, Vs, Vs,
O V. 4 V525, V V327 to the Convertgllll) e
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And, these are the different angles, which you are finding for the design of this 28-pulse
AC-DC converter and 56-pulse AC-DC converter.
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Let the transformation ratio of the transformer be a,
a=V, /7,
Consider the following set of three phase induced
secondary winding voltages as:
Vgy = Vs20°, Vg = Vg£-120°, Ve = V£120°

The required voltages for the converters | and Il are:

Voa =V, 2643, Vyy = V. L4, gy =V, £ -9643,

Vi = V.Z-14786°, Vg5 =V, 219928,

Voas = ViZ-25071°, Vg, =V, 30214

Vg = V,£-6.43°, Vg, =V, £-57.86°,

Vggs = V,£-109.28°, Vg, =V, £ -160.71°,
_; Vs = V,£212.14° Vg, =V, £ - 263.5T°,
M;?Eﬂ. Ve = V£ -315°
e —— e
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The voltages for the converter [ are:
Vsar = Vsa = (K +K;) Vg +K;Vepe
Vs:u/;VSA: +KsViea =KgVaap —K7Vipe -KsVaan

Vsas = Vsp ~K1pVipe +Ki3Viea
o

Voas = Voo +(Kyp +Kpy)Vige = (K5 +Kys)Vsap
Vsas = Vsc + Ky Vsca +KigVsap
:39 Voxr = Vou + Ky +K)WVocy — Ky +K)Vege

NPTEL
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The voltages for the converter Il are:
Vsp1 = Vsa +K Vi
Vspy = Vsar + Ky Vsap — K5 Vepe
Vg3 = Vsp +Ky;Vorp —KioVsca
Vs = Vsas =Ky Vspe + KisVsea
Vsps = Vsc + Ky Vspe —K i3 Vsap
Vsgs = Vsas +KoVsca —Ki3Vsap
Vg7 = Va1 + Ky Vsca —K5Vepe
Vi =3V, 230", Vo =BV, 230°, Vg, =43V, 230

i
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The values of constants K; to K, in egns. for
desired phase shift are esti 3

[K1=02239, K,=03309, K;=04207, K, =02022,
K,=00386, K,=02248 K,=05188, K, =01759,
/K,:o.om. K, =0.0675, K, = 02368, K, =03505,

K5 =02920, K, = 01457, K;s=0.1122, K, = 0.6606.
——————

And, these are the all sixteen constant you are getting for this transformer.
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Performance Evaluation of 28
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I

NPTEL

\u



(Refer Slide Time: 22:14)

e VT Qv
Magnitud,
a "lﬁlle

0
005 01 015 02 0 2 b2 36
Time (sec) ‘Harmonic Order

Dynamic response of Input current waveform
56-pulse diode rectifier and harmonic spectrum

Fo fed VCIMD with load of 56-pulse AC-DC
7 perturbation converter at light-load.

NPTEL

And, now coming to the performance analysis of 28 pulse and 56 pulse AC-DC
converters. This is the dynamic response of 56-pulse diode rectifier fed VCIMD with

load perturbation.
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I |
Comparison of Power Quality Parameters
of Different AC-DC Converters

AC Mains % THD of Distorfion Dispacement Power DC Voltage
% Curent I, (A) Ipat Factor DF Factor DPF Factor PF Ve)

logy o | vignt | Fun | Lignt | Fu Lght | Ful | Loht | Ful | Lght | Ful | Light | Fub
Load | Load | Load | Load | Load | Load | Load | Load | Load | Load | Load | Load
— !

¥
Spuse | 1058 | 8701 | 19.12 | 7468\ 3124/ 09110 | 09491 | 09798 | 0.9768 | 08926 | 0.9271 | 5529 | 5428
28puise | 4097 | 3083 | 1307 | 5.448 09964 | 06984 | 10 | 09991 | 09984 | 0.9976 | 5494 | 5464

{ } ! = i 1 1 ! |
Sepuise | 2258 | 360 | 13.72 2,4110,99%\09995 10 | 0999 | 09996 | 0.9995 | 5506 | 5484

And, this is a comparative analysis of simulated power quality parameters of VCIMD fed

from different AC-DC converters.
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And, these are the test result showing input voltage and current waveform with their
harmonic spectrum for 56-pulse AC-DC conversion at full load.
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And this is the variation of THD of supply current with load in 28-pulse and 56-pulse
AC-DC converter.
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Isolated 56-pulse AC-DC converter
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And, this is the isolated 56 pulse AC-DC converter.
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Single polygon secondary connection of the input
transformer and its phasor for 28-pulse and 56-
pulse AC-DC converters

And, this is typically the phasor diagram for 28-pulse and 56-pulse AC-DC converters.
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These are the winding currents of isolated 56-pulse AC-DC converter transformer.
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o Load | THD AC | THDof | DF DPF PF DC | load | RF (%)
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< ) ‘
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And, this is the performance analysis and comparison between 28 and 56 pulse AC-DC

converter at different loading conditions.
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Petygon autotransformer configuration for
~ 44pylse AC-DC conversion
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Now, coming to another set of non-conventional multipulse converter i.e., 44 and 88-
pulse AC-DC converters. And, this is what we do here, we convert virtually here three-

phase input supply into 11-phase supply.

(Refer Slide Time: 26:44)

- J
Polygon autotransformer winding arrangement

And, this is the how the connections of polygon autotransformer windings are carried

out.
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And, this is the corresponding phasor diagrams.
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So, the THD corresponding to 44-pulse you are getting order of 3.851 percent.
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And, typically for your load full load conditions you are getting typically of 2.26 percent.
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Comparison of power quality parameters of the load
fed from isolated 44/88-pulse AC-DC converters
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And, this is the comparison of power quality parameters of the load fed from isolated

44/88 pulse AC-DC converters under different loading conditions.
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This is the comparative analysis of power quality parameters of the load fed from

different isolated converters.
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Summary

0 Design expressions and performance evaluation
results of 20 and 40 pulse unconventional multipulse
AC-DC converters are discussed.

0 The number of diodes used in 40-Pulse AC-DC
converter is twenty-two only, which is less than that
of 24, 30 and 36-pulse AC-DC converters.

0 Design expressions and performance evaluation
results of 28 and 56 pulse unconventional multipulse

AC-DC converters are discussed.
#~ 0 The 56-pulse converter employs 30 diodes only.

NPFEL

So, coming to the conclusion of this non-conventional multipulse converter. Design
expression and performance evaluation of 20 and 40-pulse unconventional multipulse
AC-DC converters are discussed. The number of diodes used in 40-pulse converters is 22

only which is less than even 24 or 30 or 36-pulse converter.

And, design expressions and performance evaluation of 28 and 56-pulse unconventional
multipulse converters are discussed. And, the 56-pulse converter employs only 30

diodes; 28 plus 2 means 30 diode.
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. J
Summary

Q The THD of AC-mains is much below 5% at varying
loads in 28-pulse or higher pulse unconventional
converters.

a The rating of isolated 28, 40, 56-pulse converters is
less than that of conventional 18-pulse converter.

OThe rating of non-isolatedﬂ 56-pulse
converters is 50-60% of load rating.

—_—

0 Design expressions and performance evaluation
results of 44 and 88 pulse unconventional multipulse
P B =
Af) AC-DC converters are discussed.

NPTEL




And, the THD at ac mains is less than 5 percent at varying load in 28-pulse converter or

higher pulse unconventional converters.
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