Power Quality
Prof. Bhim Singh
Department of Electrical Engineering
Indian Institute of Technology, Delhi

Lecture - 38
Multipulse Converters (Contd.)
Analysis of Multipulse Diode/SCR Rectifiers

(Refer Slide Time: 00:17)

Analysis of
Multipulse Diode/SCR
Rectifiers

.
£

MPYEL

Welcome to the course on Power Quality. We were discussing the improved power
quality multipulse AC-DC converter. So, we will discuss today the analysis of multipulse

uncontrolled and control converters, which consist of diode and thyristors.
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Let us say we have 12-pulse converter with 2 converters, normally it has phase shifting
transformer. Many applications we require the isolation, because the utility voltage may
be quite different than the application. So, we need 2 converters. As we discussed last
time that we require 60 divided by the number of converters like in 12-pulse you have a
2 converters, so it will require 30 degree phase shift between the two sets of winding.
And that is the reason we call it a phase shifting transformer. Then, in 18-pulse, of
course, we require 3 converters and the required phase shift is 20 degree (60/3). So, you
can have a plus minus 20 and 0 degree. And that is the reason you have a 3 converter in
18-pulse. And 24-pulse requires 4 converters, and you can have typically 15 degree

phase shift between them.
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Two six-pulse rectifiers /
are in series at the output.

» Turns ratio:

Coming to the first topology. In this, we have 12-pulse series type diode rectifier
topology, and 2 converters of 6-pulse, are connected in series. Mostly these converters

are used for variable frequency drive, maybe with the induction motor or any other like a

synchronous motor or so on. We can have 3

thyristors connection. So, that serve the purpose for phase shifting and you are able to get
12-pulses in the output voltage because of this 30-
quite good current with the reduced harmonics, in which, typically lower than 11"
harmonics are eliminated and you have a band of 12n+1, i.e., 11", 13" and that next set

will be 23 and 25,

12-pulse Series-type Diode Rectifier
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degrees phase shift. You will also get a
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(b) Simplified diagram
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12-pulse Series-type Diode Rectifier

. Waveform; and FFT

. * No 5% or 7! harmonics in the line current.
:9 * Primary line current THD: 8.38%
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Coming to the waveform and Fast Fourier Transform of it. So, you can see clearly; the
load current which is almost like a DC. We have one 6-pulse current, where the
fundamental is shown here and another 6-pulse current. I mean you can add both, then
you will get this kind of current waveform which is really the current drawn from the
supply for particular phase. You can see the THD typically in 6-pulse converter, one 6-
pulse converter is 24 percent, another 6-pulse also 24, but that is getting typically get
phase shifted. And when you add together, 1 mean you get 8.38 %. Ideally, you are
supposed to get typically order of 15 percent, if the source inductance effect is not there.



So, it is your source impedance in the sense the leakage inductance of the transformer
really helps to improve the THD here. | mean in place of 15 percent or 15.5 percent is
just going to half like 8.38 percent. So, source impedance makes big difference. Here,
there is no 5™ and 7™ harmonics in the line current and the primary line current THD is

8.38%.
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12-pulse Series-type Diode Rectifier
* THD and PF
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Compa;i}on with six-pulse rectifier:
f) + THD is reduced: and
* PF is improved.
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18-pulse Series-type Diode Rectifier
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This is typically the you can call it an 18-pulse converter connected in series. You have

18-pulse converter where you require 3 converters, they are connected in series, and the



phase shift here, which we have already discussed, is 60 by 3, i.e., 20 degrees, because of
3 converters.
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18-pulse Series-type Diode Rectifier

+ Simulated Waveforms
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18-pulse Series-type Diode Rectifier

» Measured Waveforms

(b) Spectrum: 2Is pu/div, 200Hz/div
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18-pulse Series-type Diode Rectifier
+ THD and PF
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24-pulse Series-type Diode Rectifier
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This is typically a 24-pulse series type of diode rectifier. So, here, you can have a 60-
degree phase shift divide by number of converter 4, it becomes 15-degrees phase shift.
And this 15 degree you can find out here 0, +15, +30, and -15. There may be plenty of
way, but that is the way how you can get with the zigzag and typically 30-degree phase
shift.
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24-pulse Series-type Diode Rectifier
* Typical Waveforms
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24-pulse Series-type Diode Rectifier
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12-pulse Separate-type Diode Rectifier
* Rectifier Topology
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Further, you can have a 12-pulse separate diode bridge rectifier. Many applications we

have a such thing. But if you have a phase shift here, then it gets reflected on this side.
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12-pulse Separate-type Diode Rectifier

* Application Example
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This is an interesting example; you can say multiple multi-level cascaded bridge
inverters like Robicon drive system. Here, you can see, it is a kind of a like a 12-pulse
connection, so, all these are 0 phase shift and these are 30-degree phase shift. So, for all

3-phases you need the separate secondary. And you can add the voltage there to get the



multilevel wave forms. So, these are used normally in medium voltage drive of large

rating of order of several megawatt or higher than that.
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12-pulse Separate-type Diode Rectifier

+» Measured Waveforms
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12-pulse Separate-type Diode Rectifier

* Line Current THD and Input PF
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18-pulse Separate-type Diode Rectifier

* Rectifier Topology
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This is typically for 18-pulse. But, you have a separate load for every 6-pulse.
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18-pulse Separate-type Diode Rectifier
* Simulated Waveforms
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18-pulse Separate-type Diode Rectifier

* Line Current THD and Input PF
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24-pulse Separate-type Diode Rectifier
* Line Current THD and Input PF
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Now, this is the case of control by thyristors control converter or you can call it 12-pulse
thyristors control rectifier, where you can control the firing angle for controlling the

output power or the let us say if inductance, so, this current will be constant. Here, you

will have again typically 30-degree phase shift for 12-pulses.
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12-pulse SCR Rectifier
* Application Example/
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It has a low line current harmonic, and no SCR in series and that is why, it is used for
variable frequency drive today. So, virtually, it is a driving a PWM current source
inverter, where you are using GTO and you are using the capacitor for making this PWM

current continuous.
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* Waveforms of Idealized Rectifier (Ls = L = 0)
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And this is how the current looks like.
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12-pulse SCR Rectifier

Fourier Analysis
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And now you can have a Fourier analysis of this current which you are having in 12-

pulse.
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12-pulse SCR Rectifier

Fourier Analysis (continued)
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And you will get the THD if you add all four 6-pulses. You will get 31 percent.
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12-pulse SCR Rectifier
* Line Current Waveform (L =0 )
K —~zis 7oA |
3'5_/‘_5 '~\\ - 1.', “
amp =l H‘\“ ‘J'_‘ _\L‘
4o 4 vvd 5
;:: s, T g [a) b oo
MPAN) SN PAN
000 A } "V »‘\1 ‘
. ] L
150 h\“J‘ “u’
0 2z 3 4
(L]
Hamonics » | 5 | 7 [ 1113 [ 17[19[ 23] 25 | THD(%)
o I/la () |188(127(678(505(277(201(101(075| 246
j_
‘39 Lo/LyC9) | 0| 0]678/505/ 0 | 0 |101/075| 861
MPTEL
e N W T ———




(Refer Slide Time: 15:45)

12-pulse SCR Rectifier

* THD and PF

0 PF
6 THD ) -

13 === T
Ly=005pu /
a=0
10 6

| €
\ /_\/ 0
B: a=20
B
7 04 C:a=40
By
=0
L= 0.05p0°
4
gy T OE EENE R 07 04 06 08 Lgu
¥y (@
NPTEL

And how the current THD effect with the leakage reactance or the source inductance?
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18-pulse SCR Rectifier

* Rectifier Configuration
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And this is typically like your 18-pulse control rectifier.
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18-pulse SCR Rectifier
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18-pulse SCR Rectifier
* Line Current THD
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24-pulse SCR Rectifier
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And this is for 24-pulse converter you are using 4 controlled bridges.
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24-pulse SCR Rectifier
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And here also you can see the effect of leakage reactance on THD.
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Analysis of
Isolated Fork Connected Transformer
Based AC-DC Converter
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Now, coming to analysis of isolated Fork connected transformer based AC-DC
converter.
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That is the typical example for 6-pulse and 12-pulse.
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Twenty four-pulse AC-DC converter based on
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Phasor representation of transformer for 24-

pulse AC-DC converter having fork connected
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Three-phase supply voltage applied to the primary of
transformer as
V, =V, V,=V/-120°, V,=V.A20°
Secondary phase voltages for the transformer with
transformation ratio ‘a’ (a= Va/VA)

V. =aV,, V,=aV,, V =aV,

a [

Four sets of required voltages for the converters DB1
to DB4 are
V,=VL25,V, =VL-915,V,=V-2015
V. =NAISN =NV =N/- 205
7~ V,=VZ£-15V =V/-1215,V, =V/-2415 _ -
9 V,=V/-225V, =V/-1425 V, =V/-265
e T —— e
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And that is the typically how we are going to have the design of that, | mean these are

the voltage requirement.
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MATLAB model of the 24-pulse AC-DC
converter
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This is typically MATLAB model for the 24-pulse AC-DC converter.
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Comparison of power quality parameters of
12-pulse and 24-pulse AC-DC converters with
varying load

Topology |Load | THDof | ACMans | THDof | Distorbon | Displacement | Power DC | Load | Ripple
V,c (%) | Cumentl, | 1.(%) | Factor, DF | Power Factor, | Faclor, | Voltage ‘ Current | Faclor,
A) DPF PF V) | I (A) | RF (%)

40% | 2005 131 1037 09945 09915 09860 | 2978 | 2647 | 1028
60% | 265 1677 9927 09948 09905 09853 | 2055 | 3940 | 09052

12-Puise
80% | 3217 213 9686 0.9948 0.9890 09839 | 2932 | 5212 | 0.8539
100% | 3679 2742 924 -~ 09950 0.9876 09827 | 2909 | 6464 | 0.8287
40% | 1505 134 4461 09989 09915 09904 | 2993 ‘ 2660 | 03232
60% | 1988 1688 4542 09988 09921 09909 | 2978 ‘ 397 | 0354
UPuise ————+ — —

80% | 2365 231 4143 0.9989 0.9925 09914 | 2963 | 5267 | 0.3808

100% | 2701 an 2106/09987 09923 09910 | 2948 | 655 | 04487

S
£
F AV
AN

MPTEL

And these are the performance for 24, you can see the THD typically of 12-pulse at light
load. Ideally, it should be like a 15 percent, if no leakage reactance is there. But it goes
even reduced from now 15% to 9.2 percent. And here in 24-pulse we expect 7.5, but
because of leakage it at full load it goes 2.7 percent.
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Comparison of power quality parameters of

the 12-Pulse and 24-Pulse AC-DC converters
with 6-Pulse AC-DC Converter

Load | ACMains % THD of Distortion Displacement Power DC Voltage
Current I, (A) L.at Factor DF Power Factor Factor PF W)
DPF

ARojodor.

Light | Full | Light | Ful | Light | Full | Light | Full | Light | Full | Light | Ful
Load | Load | Load |Load | Load | Load | Load | Load | Load | Load | Load

-

72 | 5894 | 2799 | 2764 /Dﬂf 0963 | 0971 | 0.99%4 10975 0958 | 0.947 | 3003 | 2906

| 3679 | 5756 | 2742 | 1081 | 924 | 0993 | 0995 | 0990 |0987| 0984 | 0982|3002 | 2909

ssmd-pz | aspnd-zy | osnd-g

|
If" | 2701 | 5.777 | 27.73 | 487 | 270 | 0998 | 0.998 | 0984 | 0992 0983 | 0.991 | 3008 | 294.8
{ % | |
NPTEL
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Performance of 6-pulse AC-DC Converter at
Full-Load
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Performance of 12-pulse AC-DC converter at
full-load
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And you have 3-phase line current looks like.
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Performance of 24-pulse AC-DC converter at
full-load
ot |2 N |
- / h
:‘ \\ /( L‘\Q
A \_/
0.04 0.0: 0& 00 0.08
) fune (s)
<, 20 1
>° 100 2
"l g THD = 2704%
g H /
o -0 .E. 50
3 :
R
2w 0 L pa) % 5
o 20 Hanmonic Order
w2 R —
2 ]
Bk ]
~ S mf 5
i B 2] : i
3‘9 ; UL 005 06 ] 208
. Time (sec)
HPTEL

(Refer Slide Time: 20:05)

Comparison of magnetic ratings in different

AC-DC converters
Sr. | Topology " Main Interphase Total
No. | Transformer  transformer = Magnetic
‘ rating rating rating

(% ofload) | (% of load) = (% of load)

1 6puse 10273 - 102.73
2 12pulse.  108.78 808 ~ ~116.

3 24puse 10663 3% _ TR%

[
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Deltalfork transformer based 36-pulse AC-DC
converter —

i

=
-

I

Proposed

B19
Fork 18 Pulse Du(
Based Bridge Rectifier,
| 36-pulse e Load
Transfor-mer
B21
B2 t
18 Puise Diode~~
I:V" Bridge Rectifier,
:

DB2

So, this is the power circuit diagram of delta/fork transformer based 36-pulse AC-DC

converter.
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Delta/fork transformer winding arrangement
for 36-pulse AC-DC converter
B2
S +—— B13
A | by o
| s g1 DBI
Va icy \]“ o
== f / ——818 /
Vs B19
Hfe &8 e,
Ve 823
s DB2
e B2
piney | =
Secondary
MPTEL
e

And this is typically how the transformer connection.
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Phasor diagram of delta/polygon transformer
secondary for 36-pulse AC-DC converter

V= Vr
2

And this is the phasor diagram which all the points should be on same circle to make a

same rms voltage on the secondary side.
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- JN
V,,=V,£-195, V, =V.£-2358°V =V £-275

V, =V £-T5°, V, =V £-115°V, =V £-155°,

V,, =V 245°, V. =V, /5% V, =V, £-35,

V,, =V, £35°,V,, =V £=5°, V. =V, £-45",

V=V, /-85, V, =V, /-125°V,, =V /165",

Vo = VoL =205, Vi, =V, £~ 245°, V,, =V, £ - 285°

V,, =KV, -K,+K )V, ~

Vo =(K+K )V, -KV,

V=K +K )V, -KV,

V,.=(K,+K )V, -KV, —

V=KV, -K,+K V.~

o~ K=02988 K.=06471 K =0.1891, K, =06623,
{9?9 K,=01542, K,=0.1006

MPTEL =

i ————— e ————————

And these are the calculation for the transformer.
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MATLAB model of the 36-pulse AC-DC
converter

38 v fn 3; ki In. 'l‘
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ok 'f‘.D
o - "
® + 5
NPTEL

This is the model of the converter along with the transformer.
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MATLAB model of the transformer for 36-

pulse AC-DC converter
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And this is the transformer model in MATLAB.
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I |
Comparison of power quality parameters of

_36-pulse AC-DC converters with varying
load

load |THDV, | AC | THDof @ Distortion |Displace-| Power | DC Load Ripple

| (%) | Mains | L(%) Factor, ment | Factor, | Voltage | Cument | Factor (%)
Current DF Factor, PF v | 1@

le (A) DPF

20% | 0.7571 | 5787 | 3.01 09995 | 09984 | 09979 | 3029 | 1346 0.2377
40% | 1.074 | 1146 | 2169 | (gog7 | 0.9972 | 0.999 | 3018 | 2683 | 03279

50% | 1155 | 1428 | 1855 | (ooqp | 09967 | 09965 | 3013 | 3348 | 03753
60% | 1193 | 1709 | 1605 | gggo3 | 0.9962 | 0.9960 | 3008 | 4010 | 04223
80% | 1210 | 2268 | 1314 | oggo | 0.9951 | 09950 | 2996 | 5327 | 05217
100% | 1214 | 2821 W} 09998 | 0.9937 | 0.9935 | 2984 | 6630 | 06241 |

L ¥
\/

MPTEL

And this is the performance during simulation study.
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BEeEs=-_ - = = |
Comparison of power quality parameters of
the 36-Pulse AC-DC converters With 6-Pulse
AC-DC Converter at full-load and light load

Topology | %THD | %THDofl,, Distortion Displacement Power DC Voltage
at Factor Factor |  Factor V)

Ful |Lght Ful |Light |Ful |Lght |Ful |Lgnt |Ful | Light
load |Load |load | Load | Load |Load |Load |Load | Load | Load

[
6-pulse | 4056 | 2481 % 9815 | 9043 | 0608 | 9630 | 9519 | 9575 2792 294.41

|
J6-pulse | 1214 | 1.197 | 301 | 9998 | 9995 9737‘.9984\.9935 9979 | 2984 | 3029 |

o

NPTEL

Id
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And this is the typically the you can call it current in different winding.
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% 12 % 3 48 0
Harmonse Onder

g’;) Performance of 36-pulse AC-DC converter at light load
NETEL

Current is in phase with the supply voltage and sinusoidal. And this is the harmonic
spectrum and the THD around 3 percent of this 36-pulse converter.
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i
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) iad
AR

%0

004 005 008
Tim

of 36-pulse AC-DC converter at full load

S .
:9 Performance
HIi‘?EL

And this is the performance at full load. At full load, the THD is only 1.19 percent. You

can see supply voltage supply current, and current waveform with the output voltage
output current.
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Performance of 36-pulse
AC-DC converter at

(a) light load

(b) full-load

And these are the experimental results of the 36-pulse AC-DC converter under full load
and light load conditions.
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. J
Comparison of magnetic ratings in different

AC-DC converters
Sr. | Topology | Main Transformer | IPT rating ' Total rating of
No. rating (% of (% of magnetics,
load) load) (% of load)
1 G-pulse 1080 - 108.0
2 | 36-pulse 124.2 0.85 125.0

//

'O
0
NéTEL

(Refer Slide Time: 23:56)

Test results showing power quality parameters
of 36-pulse AC-DC converter

load | THDV, | ACMains | THDof | DPF PF Vi b
(kW) (%) Current L (\)} (A)
b (A) | (%)

121 1.30 3.06 23,710 | 0999 | 1686 | 7.25

216 | 140 | 538 | 25 | 10 | 099 | 1609 | 1286 |

3.08 1.30 1.19 22 1.0 0.999 1514 18.40

4.09 1.30 10.28 21 1.0 0.998 1437 YLVAl

529 1.30 1329 21 10 | 09% | 1337 | 31.09

o 6.02 1.20 1527 20 i 1.0 0.996 1278 35.37
*
N#TEL
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The propose 36-pulse AC-DC converter is realized
by three 2.2kVA, single-phase transformers and the
design details are as follows:

Flux Density: 0.8Tesla, Current Density: 2.3A/mm?,
Turns per volt: 0.88

E-Laminations: Length=23.5cm, Width=16cm
I-Laminations: Length=23.5cm, Width= 4cm

Effective Area of cross-section of core=58cm2 (7.6 cm
X 8.6cm)

F O
NPTEL

(Refer Slide Time: 24:23)

Transformer winding details

Winding voltage |No. of Turns | Gauge of Wire (SWG)

Vie 365 17 ~

K Vg 31 15

K, Ve 68 w —
Ks* Vi 20 17

Ky *Vr 69.5 17

Ks* Vg 16 17

Ks* Vs 105 17

NPTEL
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Analysis of
T-Connected Isolated Transformer
Based AC-DC Converter

’z’ "

NPTEL

Coming to the analysis of T-connected isolated transformer based AC-DC converters.
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A Six-Pulse T-connected AC-DC Converter

3'ph85¢ _______ | —
AC T
Mains ! jE
:\’,k 0
\ A
| D
= MP2  MPI :
e et (L) e s S e,
Six-Pulse "
Diode Bridge ~

i

NPTEL

This is the circuit diagram for 6-pulse T-connected AC-DC converter.
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-— e
Performance of Six-Pulse T-Connected AC-DC
Converter
R s e _

* 30 ; ; ; ML T
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QE?EL

T e e |

And this is how the current look like because of leakage. The THD in place of 31
percent, it goes 23.89 percent because of the source inductance.
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Twelve-pulse AC-DC converter based on
T-transformer configuration

3-phase >
AC Ic
Mains
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24-pulse AC-DC converter based on
T-ransformer configuration

|

3-phase ¥
ac Ic
Mains

N
&

®

NPTEL

(Refer Slide Time: 25:58)

[ et S e
Winding arrangement and phasor representation

of transformer for 12 and 24-pulse AC-DC
converter having T-connected windings

A , a o

M8 fs 2
- MSi

b A

Pl

S
¥
NPTEL

Primary Secondary

And that is the typically of how the T-connection design is there.
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MATLAB Model of T-transformer based
24-pulse AC-DC converter
S =1
T,
il WW
— ]
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MATLAB model of T-transformer for 24-pulse
AC-DC converter system simulation
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[ e————— e s
And this is the typically model of overall system and this is the transformer connection

model.
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|
Performance of 12-pulse T-connected AC-DC
converter at full-load
e .' A |
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And these are the currents like typically in case of the your 12-pulse 3-phase currents
drawn from the supply. And the THD of this, is in the order of 6.14% in place of 15
percent because of the effect of leakage reactance of the transformer.
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I |
Performance of 24-pulse T-connected AC-DC
converter at full-load
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And these are of course, for 24-pulse with the pulse doubling, the THD reduces to order
of 3.5 percent in place of 7.5 because again effect of the leakage reactance and the

current goes very close to the sinusoidal.
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[T S . L S e et e e
Comparison of Power Quality Parameters of
12-Pulse and 24-Pulse AC-DC Converters
g [Load | THD |AC THD of | Distortion | Displace- | Power | DC Load | Ripple
3 of Vi [Cument |I,(%) | Factor, | ment | Factor | Voltage | Cument |Factor%
g %) |1y A DF Factor, | PF | (V) | le(A)

DPF

20 | 0814 | 820 | 96337 09953| 09853 [09807| 3002 | 2009 | 1955

40 1281 | 1703 | 7612 09971 | 09729 | 09701 | 2984 40.16 1823

g 50 | 1681 | 2119 | 7400 | o09971| 09682 [09654| 2070 | 4988 | 1750

E—. 60 | 1913 | 2547 | 69%9 | 09974| 09704 |0.9679| 2967 | 5974 | 16%6

80 | 2307 | 3387 | 6348 )/ 09977| 09731 [09709| 2062 | 7947 | 1725

100 | 2804 | 4185 | 6.1427| Jo00em7| 09738 |76 | 2058 | se7e | 1757

20 | 1032 | 8583 | 5469 /], 09985| 09980 [09965| 3015 | 2010 | 05062

o | %0 | 1604 | 1699 | 4759°| ogoge| 0969 09857 04 | 04 | 0373

5 50 | 18| 2147 | 4452 | o9989| 09065 [09954| 2099 | 4098 | 07368

% 60 | 2022 | 2533 | 4218 | 09989 | 09061 [09950| 2093 | 5085 | 0.8025

S 80 | 2337 | 3357 | 3814 |/ 09990 | 09952 [09942| 2982 | 7953 | 0586

§ 100 | 2582 | 4177 | 3507/| 09991| 09945 [09936| 2072 | 9009 | 11300
N;TEL

e S
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[ —— ==t
Comparison of power quality parameters of

12-pulse and 24-pulse AC-DC converters with
varying load

% AC Mains % THD of Distortion Displacement Power DC Voltage
THD Current I, I Factor Factor Factor V)
of (0]

ABojodoy

v,

Light | Full | Light
load | Load | Load

Light | Full | Light | Ful | Light | Ful | Light | Full
load | load | load | load | Load | lLoad | Load | Load

S)EE

4848 | 8899 | 4237 | 2756 (| 23894/0.9640 | 0.9716 | 09945 | 0.9777 | 0.9587 | 0.9499 | 3007 | 2927

asind-g

0.9953 | 0.9977 | 0.9853 | 0.9738 | 0.9807 | 0.9716 | 3002 | 2958

osind-z|

2604 | 8820 | 4185 | 9633(| 6142

A & A

S
f 2582 | 8583 | 4177 | 5469 |/3507 J 09985 | 0.9991 | 0.9980 | 0.9945 | 0.9965 | 0.9936 | 3015 | 2972
N\

NPTEL

osind-pz

5
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Numerical Examples

PN
4

NPTEL

Well, coming to now the numerical examples of the multi-pulse converter.

(Refer Slide Time: 27:27)

Q1. A DC load of 1.2 kV, 500 A is supplied by a 12-pulse
thyristor bridge rectifier at 30° firing angle of their
thyristors as shown in Figure. Calculate (a) required
thyristor ratings and transformer secondary voltages with
primary applied 3-phase supply voltage of 41 m
for series connection of two thyristor bridges, (b) the
current in each winding of the transformer, (ﬂtﬂe kVA
rating of the transformer, (d) the supply rms current and
its THD.

Mé*EL

Starting with 1%t example. A DC load of 1.2 kV, 500 A is supplied by a 12-pulse
thyristors bridge rectifier at 30° fire angle of their thyristors, as shown in the figure.
Calculate, required thyristors ratings and the transformer secondary voltages with a
primary applied 3-phase supply voltage of 415 V/50 Hz for series connection of two
thyristors bridge, the current in each winding of the transformer, the kVA rating of the

transformer, the supply RMS current, and its THD.
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(Refer Slide Time: 28:09)
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Solution Given supply voltage V, =415V, frequency of supply
(f) =50Hz, DC Load current (I4.) = 500 A and DC load voltage
(Vi) = 1.2kV i

The tofal DC voltage across series connected thyristor bridge
rectifier is (V) 1.2kV So, DC voltage across single thyristor
bridge rectifier = (V) =1.2kV/2 = .6kV

(a) Average output voltage of one thyristor bridge rectifier,

2
V¢,=3XN'VLcosa '
y 4 T

.6x103:)x\/_@osa
T

>

@Mﬂlsmw /

L

/ 3xﬁxcos30‘ e
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V, is the line voltage of the secondary side of transformer. The

secondary side of transformer is connected instar. So, phase
voltage of the secondary side of transformer,

Vi =296.197
T
Thyristor Rating PIV = 2 x7,, =725.517
I e isiand S

The secondary side of transformer is connected in delta. So,
phase voltage of the secondary side of fransformer,

Vi =513.0197

—

(b) The line current of secondary side of star Transformer,

A A
= — {;x500:408.24:1
&0 > \j3 SEVE e

NPTEL

A — S s |
(Refer Slide Time: 29:27)

The line current of the secondary side of delta Transformer,

2. B
I = <l = 5 50= 408244
pi

The phase current of the secondary side of delta Transformer,
I, ,»=40824/3=235.6974
2 .
N 415
. _
Transformer ratio N, 513019/

— Vi

=1401 —

—

L=

N_ 45

S =.8089 _
e

Transformer ratio

=

NPTEL
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The supply RMS current of the primary side of transformer,
N N,

p_ph = \_‘:I”W +\_v:1xdzlra,pnaw
N, ]

I

-30° +1.24x235.697/0°) = 563,83/ -15°4
I, =976584

(c) KVA rating of Transformer = -5 (3xV,, x1 )

=0.5x3{(Vﬁx15)+(VlS-/x1m)+(VAPx]AP)}
:0.5x3{(ﬁ9x235.697)+(296.19x408.24)+(415*563.83)}KVA

=T713.726KVA
The THD (Total Harmonic Distortion) of primary side of transformer,

S 2.72,.12 2 2 12 2 2
¥ THD - .!l” i /-
NPTEL I -~

The solution of this problem is given in the abovemention slides.
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Q2 A DC load of 1/500V, 300A is supplied by an 18-pulse
Diode bridge rectifier (shown in Figure). Calculate (a)

required diodes ratings and transformer secondary
vol@;s with primary applied 3-phase supply voltage of
415V at 50 Hz for series connection of 6-pulse converters,
b Bn L MBS URIECi
(b) the current in each winding of the transformer, (c) the
kVA rating of the transformer, (d) the supply rms current

and its THD.

Coming to 2" example, a DC load of 1500 V, 300 A is supplied by an 18-pulse diode
bridge rectifier, as shown in figure. Calculate, the required diodes rating and transformer
secondary voltages with primary applied 3-phase supply voltage of 415 V/50 Hz for
series connection of 6-pulse converter, the current in each winding of the transformer,

the KV A rating of the transformer, the supply RMS current and its THD.

(Refer Slide Time: 31:23)
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This is the typical connection. Because of zigzag connection, you are getting 18-pulses.
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Solution Given supply voltage V;, =415V, frequency of supply (f)
=50HZ, DC Load current (l4,) = 300°A and DC load voltage (V) =
1500V = ==
The total DC voltage across series connected diode bridge
rectifier is (V) 1500V-So, DC voltage across single diode bridge
rectifier = (V4) =1500V/3 = 500V —

= —e

(a) Average output voltage of one diode bridge rectifier,

V= 3X\ﬁ Ve =
_ T
500= 3x\/2> V.
2
O] F =2 =30
MPTEL 3XV’2

A T e S e
(Refer Slide Time: 32:16)

V,, is the line voltage of the secondary side of transformer.

Diode Rating PIV = 2 XV, =523.597 <

(b) Secondary Zigzag Transformer current,

R
1E=\§x1,= 5 X30=20944=1,, —

. N 2396
Transformer ratio N, 2136

N 2396 ®
Transformer ratio =55 ¢ =112172

-Ln

L0 . N
;9 Transformer ratio *\_1=%=112172 vl
4 N, 2136
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I=11 31 + 'lm

Ay 1

S(QH98L 4275 + 2N 94L 4TS+ 294/ 125 )x—
- 112172
=628.746/15' 4

I, =628.7464

c) KVA ratlng of Transformer

—.5((3><V x1 ) (BxV,,, xI_)+(3xV,

spz IN: © “spz L“z 5pz
=461.5kVA
\* —

)+(3xV R

NIPTEIL
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I |

The THD (total harmonic distortion) of primary side of fransformer,
THDin% = ==

JIJ'-+I.;+I;'<+1£ef1€;+15= o+ hs 00=1009%

I s

NPTEL

The solution of this problem is given in the abovemention slides.
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_— e =
Q3 A DC load of 2.4 kV, 100 A is supplied by a 24-pulse
diode bridge rectifier as shown in Figure. Calcula<te*(ar)
required diodes ratings and transformer secondary

voltages with primary applied 3-phase supply voltage of

460 V at 50 Hzmnnection of converters, (b) the

current in each winding of the trans'fo’rfner, (c) the kVA

rating of the transformer, '(<d) the supply rms current and
its THD.
/‘

O
NPTEL

Coming to 3 example. A DC load of 2.4 kV, 100 A is supplied by a 24-pulse diode
bridge rectifier as shown in figure. Calculate, the required diodes rating and transformer
secondary voltages with primary applied to 3-phase supply of 460 V/50 Hz for series
connection of the converters, the current in each winding of the transformer, the kVA

rating of the transformer, the supply current, and its total harmonic distortion.
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17,59 A

NPTEL

This is the 24-pulse converter, in this, the 4 bridges are connected in series. The phase
shift should be like a 15 degree, i.e., £ 7.5° so, it is a 15° between two bridges. Because

of 4 bridges, 60 by 4, it become your 15°.

(Refer Slide Time: 34:13)

Solution Given data, DC Load current LL' 100 A, DC load

voltage (V) = 2400V Primary 3-phase supply voltage (V) =

460V and supply frequency (f}=50HZ" .
he total DC voltage across series connected diode bridge

rectifier is (Vdc) 2.4kV-So, DC voltage across smgle diode
bridge rectlﬁer (Vdc1)-2 4KV/4=6 00V

(a) Average output voltage of one diode bridge rectifier,

3J5V
7

60(0——‘/-V =1
v
7 v, =20 _ sy

= 3)(‘\/: T

7

’(Irl
<

NPTEL
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V,, is the line voltage of the secondary side of transformer.

Diode Rating PIV = 2x7,,, =62831/"_

=

(b) Secondary Zigzag Transformer current,

I fE I JE 100 81641/.1
S XPe= X =381.644=
f-4 \‘3 d V?’ P

. N 265. N N N,
Transformerratio ~' = = =1B3536—=L=——L——1
N, 256509 N, N, N,

Ny NN
/—.
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(d) The supply RMS current of the primary side of transformer,

N, N, N . N, .
Iy=2L 05+ 21 L1541 L-15+21 L-105
moy e T NT NT N'®

— — ! —

=302.052£04

I =020524.
(c) rating of Transformer =

e

'52(5 L\mxlnpm) S(BxVy, x )+(3XI/L\}/X15F)+
(BxV, xI )+(@3xVp xI 3xV 1)) = 245.9TTkVA

spz IND ©* ppD ) (
—

The THD (total harmonic distortion) of primary side of transformer,

- e R e
!;/" THD n % = ”23 F[:s f],” f[,lg i[';l ¥[73 PlgS +[97 <100=757%
I ==

NPTEL

The solution of this problem is given in the abovemention slides.
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[ - == = =
Q4 A DC load of 30 kv, 150 A is supplied by a 30-pulse
bridge rectifier as shown in f igure. Calculate (a) reqmred
diode ratings and transformer secondary voltages with
primary applied /3_-ﬂphasie supply voltage of 440 V at 50 Hz
fi series connection of 6-pulse converters, (b) the
current in each winding of the transformer, (c) the kVA
—

rating of thfcmer, (d) the_ supply rms current and
its THD.

O
£

Coming to 4™ example. A DC load of 3 kV, 150 A is supplied by a 30 pulse bridge
rectifier, as shown in the figure. Calculate, required diode ratings and transformer
secondary voltages with the primary applied 3-phase voltage of 440 V at 50 Hz for series
connected 6-pulse converter, the current rating in each winding of the transformer, kVA

rating of the transformer, supply current RMS current and the THD.



(Refer Slide Time: 36:34)

This is the system for 30 pulse. For 30-pulse, you have 5 converters each of 6-pulse.

(Refer Slide Time: 36:57)

Solution Given data, DC Load current (I,) = 150 A, DC load
voltage (V) = 3.0 KV, Primary 3-phase supply voltage V)=
440V and suppﬁequency (fj=50Hz -
The total DC voltage across series connected diode bridge
rectifier is (V4).3.0kV So, DC voltag;across single diode bridge
rectifier = (Vyy) =w T

(a) Average output voltage of one diode bridge rectifier,

0
MhEﬂ.
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V, is the line voltage of the secondary side of transformer,

Diode Rating PIV = \2xV,, =628.31V
/—

e

(b) Secondary Zigzag Transformer current,

22
L= =xI,= [~x150=12414=1_
R E 3 -

Transformer ratio
N_2008_ M NN N
G N, 256509 N, N, N5 N6

(Refer Slide Time: 37:47)
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(d) The supply RMS current of the primary side of transformer,
N, N. N N.. N

I == +—;‘I:p_ +\—f]¢ +f;LF+\—fIm =590.324/-2.6224
= & e T

224 oz N
— 1 1 : T
1., 23903244 -

(c) KVA rating of Transformer}
S5y 0xV,y,x1,,)= .5((3XP}_¢ISPJ)+(3xl']_VJ x1,,)+(3xV,,, ?dw)-%

Ol XLy )+ BV X1 ) +(xT , x1,) = 460.55KVA

—

—

The THD (total harmonic distortion) of primary side of transformer,

 THDi%= [LtDatlp+ D+ BB+ LI

MHPTEL

x100=6.05%
s

The solution of this problem is given in the abovemention slides.

(Refer Slide Time: 38:37)
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Q5 A 12-pulse diode based converter is feeding power to a
RL load of 50kW, as shown in figure. The input supply
system is 3-Phase, 415V; 50Hz. consider the phase shift
between two consecutive output voltages of +15° with
respect to the input voltage. (a) Calculate the number of
turns in different windings of the autotransformer for
achieving the 12-pulse operation. (b) Calculate the current
in each winding of the autotransformer. (c) Find the DC

link current, supply rms current and its THD.

Coming to 5" example. A 12-pulse diode bridge converter feeding to a RL load of 50
kW, as shown in figure. The input supply is 3-phase, 415 V, 50 Hz. Consider the phase
shift between two consecutive output voltages of £15° with respect to the input voltage.
Calculate the number of turns in different winding of the auto transformer for achieving
12-pulse operation, calculate the current in each winding of auto transformer. Find the

DC link current, supply RMS current and its total harmonics distortion.



(Refer Slide Time: 39:11)

This is typically the connection for getting 12-pulse from 3-phase supply, with 2-phase
shifted converter with the inter phase transformer, we are able to get phase shift like a
+15°,

(Refer Slide Time: 39:24)

EESSSE—————m—— S e
Solution Given 3-phase supply voltage (V,,) =415V, supply
frequency (f) =50Hz and DC Load power (P,.) = 50kW

o =
(a)The input voltage of diode bridge rectifier has +15° phase
shift from input supply voltage of autotransformer, —
e
V.=kV -kV, (1)
P: =kV -kV. (2
.
V, and V, is the input voltage of diode bridge rectifier.
V.=VLOV,=VL-120V.=V A0 ~—
V. <VASV, =V L-105,V. <V 235 &
Q V, =VL-15V,=VL-135V =V A05 /
MI;"?EH.
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I |

Where V, is the phase —to- neutral input voltage of autotransformer.

So, the phase voltage of autotransformeris, Vi1 i
= —3 =239.6V

By solving equation (1) and (2) B
k=816, k, =299
As'shown in Fig. k,+k;= 1
ky=.184 .
e
(b) Average output voltage of one diode bridge rectifier,
36 . 36

" =——239.60 =560.44V

/3 e

Vi

Ic!

1 =

=
Total DC voltage across Shunt connected diode bridge rectifier,

~ V.=V, =V, =56044F
;{* de del dt?./

(Refer Slide Time: 40:04)
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3
(c)The output DC current of RL load, . = B S0X10° o914
Ty, 56044

The input current of diode bridge rectifier is,

i =i, =iy, =iy, =i = =o.5[\/§1ﬁ)=0.5(£ x89.21}=36.42A

As considering the input power of autotransformer is equal to
the output power auto transformer,

By=F,
By =Tl
I =¢=50X_10=69‘56A=,'1 =iy =i
3y Bxals
FO
Or is.i,and iy is the input current of autotransformer,

NPTEL

A
(Refer Slide Time: 41:00)

iy =iy =69.564

The THD (total harmonic distortion) of input side current of auto
transformer,

inof =172 72 2 72 2 g2
THD in % \J{]]H'IL,%-IZ) +2]25+135+1_,7 <100=15.23%
i

The solution of this problem is given in the abovemention slides.
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Q6 A 12-pulse diode based converter is feeding power to a
RL load of 75kW, as shown in figure. The input supply
system is 3-Phase, 460V, 50Hz. Consider the phase shift
between two consecutive output voltages of +15° with
respect to the input voltage. (a) Calculate the number of
turns in different windings of the autotransformer for
achieving the 12-pulse operation. (b) Calculate the current

in each winding of the autotransformer. (c) Find the DC

link current, supply rms current and its THD.

Coming to 6" example. A 12-pulse diode based converter is feeding power to a RL load
of 75 kW, as shown in figure. The input supply system is 3-phase 460 V, 50 Hz.
Consider the phase shift between two consecutive output voltages +15° with respect to
the input voltage. Calculate the number of turns in different winding of the auto
transformer for achieving 12-pulse operation. Calculate the current in each winding of

the auto transformer. Find the DC link current, supply RMS current and its THD.

(Refer Slide Time: 41:46)




This is the typical connections, you can call it as an umbrella kind of connection, you are
making like a tapping for giving input supply and then you are rising the voltage and

then you are having a £15 degree phase shift for getting 12-pulse converter.

(Refer Slide Time: 42:05)

Solution Given 3-phase supply voltage (V,,) = 460 V, supply
frequency (f) =50Hz and load of the diode bridge rectifier.

(a)The input voltage of diode bridge rectifier has +15° phase shift
from input supply voltage of auto}ransformer.

A AT Y — )
Vo=V 4k, 4 h s 2
V.=VLO WV, =V/L-120"V, =V /120°

V. =VASV,=VL-105V, =V 135
4157
V' =VL-15V, =VL-135V, =V 105

—

Where V/, is the phase —to- neutral input voltage of
autotransformer. So, the phase voltage of autotransformer is,

i
9 =" a5 7
MNPTEL VI3
LT S e e

(Refer Slide Time: 42:33)

e — S R e L
By solving equation (1) and (2)
k=115, k, =.299, k,=1

(b) Average output voltage of one diode bridge rectifier,

. 6. 36

o =—V, =——265.58=621.21V

e /2 Y4

e
Total DC voltage across parallel connected diode bridge rectifier,

V=V, =V,,=6212V
/ﬁ
(c)The output DC current of RL load,
/
P, 75x10°
7 =%= =120.734
{3 “Ty, 62121 P
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The input current of diode bridge rectifier is,

iy =iy =i, =i =i, =i, = 0.5ﬁ1d(_ =05x Jg x120.73=49.294

As considering the input power of autotransformer is equal to the
output power auto transformer,
Py =P,

By =3Vl
_ By T5x10°
Lo, Bxae
i;i;and i; is the input current of autotransformer,

= 94133 = Il = 14 = 17

i =l +1y) =—(49.29£-15" + 4929/ +15") =-95.22.4
-
MﬁTEL
A
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THD in %= Jjﬂ sty ]” st L 100-152%
1

A
%
NATEL

The solution of this problem is given in the abovemention slides.

(Refer Slide Time: 43:36)

Q7 A 12-pulse diode based converter is feeding power@ a
RL load of 25kW,’as shown in figure. The input supply

T

system is 3-Phase, 460V, 60Hz. Consider the phase shift
N e

between two consecutive output voltages of +£15° with
o i

respect to the mput voltage. (a) Calculate the number of
turns in different windings of the auto Wfor

achieving the 12- pulse operation. (b) Calculate the current in
each winding of the autotransformer. (c) Find the DC lin Imk

P
current, supply rms current and its THD.
= -~

O
¥
NPTEL

Coming to 7" example. A 12-pulse diode bridge converter is feeding power to a RL load
of 25 kW, as shown in figure. The input supply system is 3-phase, 460 V, 60Hz.
Consider the phase shift between two consecutive output voltages of +15° with respect to
the input voltage. Calculate the number of turns in different windings of autotransformer
for achieving 12-pulse operation. Calculate the current in each winding of auto

transformer, the DC link current, supply RMS current, and its THD.
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And this is the another connection for getting a 12-pulse of +15° which is called as
extended delta.

(Refer Slide Time: 44:16)

Solution Given DC Load power (P) = 25kW-Primary 3-phase
supply voltage (V) =460 V and supply frequency (f) =60Hz

—

(a)The input voltage of diode bridge rectifier has +15° phase shift
from input supply voltage ofa/utotransformer.

A A 0
3 3 @

V=VL0 Y, VL0V, =V a0

V., =VASY,=VL-105V, Va5 <

V. =VL-15 Y, =V L-135 V. =V 05

V,=VLO Y, =VL-90V, =VA50
M;'TE!L
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equation (1) and (2) the turns ratio of autotransformer,
w 1 N
= ns

-5 the tums ratio of short winding, Snl50 sinlS°

Ny = 51764
N, is the tums ratio of long winding of autotransformer
Ny, =\3xN,, = 8966
_—

v, and v, is the shortand long winding voltage respectively,
gy ;

v, =-8966x265.58 =238.11 v

s (b)Average output voltage of one diode bridge rectifier,
VU szﬁ\@ﬁm:mw 4
/4 T

NPTEL
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Total DC voltage across shunt connected diode bridge rectifier,
th = Vdrl = Vd(Z =119
_ P, 25x10°

The output DC current of RL load, 1, =-% ="""""=20.884
Ve 1197

dc

The input current of diode bridge rectifier is,

L=t =laf =f= O.S\EI,,( =0.5x \E x20.88=8.524

(c)As considering the input power of autotransformer is equal to
the output power auto transformer, Pm = PO

By =3Vy];

~ P,  25x10°

= =31374=1, =iy =i
*9 LBy, Bxaso e

(Refer Slide Time: 45:41)

i,,lpand i, is the input current of autotransformer.

THD in %= JI;', thyt Lt Bt bt s o0 o
I
' e

%)
N

NPTEL

The solution of this problem is given in the abovemention slides.
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Q8 An 18-pulse AC-DC diode based converter is feeding

power to a RL load of 15kW, as shown in figure. The input

— —

supply system isr3-Phase, 460V, 60Hz. Consider the phase

shift between two consecutive output voltages of +20° with

respect to the input voltage. (a) Calculate the number of

/
turns in different windings of the autotransformer for

achieving the 18-pulse operation. (b) Calculate the current in
each winding of tbgu,totransformer. (c) Find the DC link

current, supply rms current and its THD.

- —

i
(¥
Hé?E&

Coming to 8" example. An 18-pulse AC-DC diode based converter is feeding power to a
RL load of 15 kW, as shown in figure. The input supply system is 3-phase 460 V, 60 Hz.
Consider the phase shift between the two consecutive of +20° with respect to the input
voltage. Calculate the number of turns in different windings of the autotransformer for
achieving 18-pulse operation, calculate the current in each winding of the auto

transformer, find the DC link current, supply RMS current, and its THD.

(Refer Slide Time: 46:24)
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Ve >

O,
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The aforesaid system is presented as follows.
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Solution Given 3-phase supply voltage (V,,) = 460 V, DC

Load power (P,) = 15kW, and supply frequency (f) =60Hz
s, S

(a)The input voltage of diode bridge rectifier has +20° phase
shift from input supply voltag;of autotransformer.

A3 /A 2 /A (1)
Vo k= ko Q)
Vo =k,

V=VL0 W, =V L1007 =V 200
V=V, =V =100V =V 40

SPen
V', =VL=00 1, =V L0 Y =V 2006

Where V, is the phase -to- neutral input voltage of
autotransformer. So, the phase voltage of autotransformer is,
Fo ¥
® VG:J—%=265.58V -

NPTEL
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_——— =~ |
By solving equation (1) and (2) turns ratio of autotransformer,
k=.742, k,=.395

“As shown i Fig. K+ 1
k,=0.258

.20
(b) Average output voltage of one diode bridge rectifier,
N
L/* — V.= . 265.58=621.221
Total DC voltage across series connected diode bridge rectifier,
Ve=V=V,=V,,=621.221

dcl dc2

The output DC cuneritjqf RL Joad,
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The input current of diode bridge rectifier is,

2 2
i=i,=i,=i,=i,=i =i =i =i =0-33\ﬁu =U.33x\j;x24.15=6.51,4

(c)As considering the input power of autotransformer is equal to
the output power auto transformer,

P, =P

in 0
P:'n = \BVLLIL
B, 15x10°

ot R 1883 A =iy =iy =i
L ;3 x460 S

byg Tiy =H
i =i =i, =18.83-6.51=12.324
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L _
g
22 . 2, 2,2 PP,
THDin% = ‘jll'i119+155+1-‘"+‘153+155+1"+1'5><100=10.09%

I —

S

#
¥y
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The solution of this problem is given in the abovemention slides.

(Refer Slide Time: 48:17)

e e e
Q3 An 18-pulse diode based converter is feeding power to
a RL load of/25}W, as shown in figure. The input supply

system iér3-Phase, 415V, 50Hz. Consider the phase s_hiﬂ
between two consecutiyg output voltages of t20°:v!ith
respect to the input vo[hge. (Mber of\
turns in different wft;dings of ch autotransformer i(;r
achieving the 18-pulse operation. (b) Calculate the current
in each winﬂig of the aInIotransfonner. (c) I;ind the DC link

current, supply rms current and its fHD.

>
7
¥
NPTEL

Coming to 9" example. A 18-pulse diode bridge converter feeding power to RL load of
25 kW, as shown in the figure. The input supply is 3-phase, 415 V/50 Hz. Consider the
phase shift of two consecutive output voltages of +20° with respect to the input voltage.
Calculate, the number of turns in different windings of the autotransformer for achieving
18-pulse operation, calculate the current in each winding of the autotransformer, find the

DC link current, supply RMS current, and its total harmonics distortion.
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— A,
O / -
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So, this is typically the connection for 18-pulse configuration with £20° phase shift with

this fork kind or the umbrella kind of connections.

(Refer Slide Time: 49:18)

Solution Given 3-phase supply voltage (V,,) = 415V, DC Load
power (Py.) = 25kW, and supply frequency (f) =50Hz
e e

(a)The input voltage of diode bridge rectifier has +20° phase shift
from input supply voltage of autotransformer.

V=V AR AT (1)
V=V F A by st 2)

=V/0 V. =VZ-120.V =V /120°
V,=V L0V =V =120V, =V 120
V'ﬂ =VLW0,V, = V=100V, =V £140
" == . - =
V,=VL=200, =VL-140 V=V L0
e
Where V, is the phase -to- neutral input voltage of autotransformer.

o~ So, the phase voltage of autotransformer is, %
f§9 v, =:/L_—,§~=239.60V

NPTEL
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By solving equation (1) and (2) turns ratio of autotransformer,
k=0.137, k, =0.395
Bl

(b) Average output voltage of one diode bridge rectifier,

36, 36
.—Kdd = 7 Va = 7239@ = 6044V

Total DC voltage across series connected diode bridge rectifier,

Vie =V =V iy =V = 56044V -

c.

The output DC current of RL load,

3
~ ot DAV 604
@, T, se0a
N;’TEL
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The input current of diode bridge rectifier is,

B =i el =i ==l = = 0'33\/%”‘ =0.33X\EX44‘60=12.02A

(c) As considering the input power of autotransformer is equal to
the output power auto transformer,

PP

n 0
By =3Vl
P, 25x10°

Ip=— = T 34784 =i =iy =i
L™ B, Bxals T

i2 t if\ * irm =0
i ==y +i3) ==(12.02£20+12.02£-20)= 22,64

&

Ok
MIF;'TEIL
A
(Refer Slide Time: 50:29)

2 2P iR AP —
s ”y;lﬂ et Bt L 2 00=1009%

e
1

THD in % = J’f'
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The solution of this problem is given in the abovemention slides.
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Q10 A 12-pulse diode based converter is feeding power to
a RL load of 15kW, as shown in figure. The input supply
system is 3-Phase, 415V, 50Hz. Consider the phase shift

between an output voltage and the input voltage of +30°.

(a) Calculate the number of turns in different windings of

the autotransformer for achievi/ng the 12-pulse operation.
=9
(b) Calculate the current in each winding of the
/——/’_\
autotransformer. (c) Find the DC link current, supply rms
—

current and its THD.
e

—
7

':‘\ 9
NFTEL

Coming to 10" example. A 12-pulse diode bridge converter is feeding the RL load of 15
kW, as shown in figure. The input supply system is 3-phase, 415 V, 50 Hz. Consider the
phase shift of +30°. Calculate the number of turns in different winding of
autotransformer for achieving the 12-pulse operation. Calculate the current in each
winding, DC link current and supply RMS current, and its THD.

(Refer Slide Time: 50:55)

The aforesaid system is presented as follows.
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Solution Given 3-phase supply voltage (V) =415V, DC Load
power (P,) = 15kW and supply frequency (f) =50Hz

(a)The input voltage of diode bridge rectifier has +30° phase shift
from input supply voltage of autotransformer.

A )
X e —— S ————
AR /A 3 )
g e

V.=V +kV +kV,....

V,=VL0V,=VL-120V.=
V,=VAB0V,=VL-90F =V

Where V, is the phase —to- neutral input voltage of autotransformer.
. So, the phase voltage of autotransformer is, Vi .
*’;ﬁ V,=—%=23960V —

NPTEL
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| R e — S
Solving equation (1), (2) and (3) the no. of turns ratio

autotransformer, k,;=0.155 k,=0.577 k,=1

(b) Average output voltage of one diode bridge rectifier,
=2y,
y/4
/
36

V= 22239.60
T
V. =560.44V
—

Total DC voltage across Shunt connected diode bridge rectifier,
V=V =V =36044V

f;) The output DC current of RL load, /,, = '—dtz [5x10° = 26.76 A

e — 7, 56044 —
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The input current of diode bridge rectifier is,

=ij=i =i =i, =o.5f1d =0.5x \F x26.76=10924
Rl ! 3 (o 3

(c )As considering the input power of autotransformer is equal fo
the output power auto transformer,

I

By =F

By =30yl

- o _15x10°
Vi B3x4ls

=2086 =i =is =i

i, =iy =-10924

i
®
NﬁEIL

A —
(Refer Slide Time: 51:38)

A
THD in % = \/Ifl +1123+1§+1§5:+1§5+1§ ........... 100=15.23%

—

The solution of this problem is given in the abovemention slides.
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Summary

QTo comply with stringent harmonic requirements,
major high-power drive manufacturers are increasingly
using Multipulse AC-DC converters as front-end
converters.

Q The main feature of the Multipulse AC-DC converter
lies in its ability to reduce the line current harmonic
distortions. The higher the number of rectifier pulses,
the lower the line current distortion is.

0 Broad classification of Conventional Multipulse AC-DC
converters is discussed and their comparative

;%) harmonic performance is also analyzed in this chapter.

NPTEL

Now, coming to summary of multi-pulse improved power quality converter. To complied
with stringent harmonics requirement, major higher-power drive manufacturers are
increasingly using multi-pulse AC-DC converters as front end converters. The main
feature of multi-pulse AC-DC converter lies in its ability to reduce with the line current
harmonics distortion. The higher the number of rectifier pulses, the lower will the line
current distortion. Broad classification of conventional multi-pulse AC-DC converter is

discussed and their comparative harmonic performance is analyzed.

(Refer Slide Time: 52:16)

e e |
Summary

QThe line current THD of the 12-pulse AC-DC
Multipulse converters normally do not satisfy the
harmonic requirements specified by IEEE Standard
519-1992. The 18-pulse converters have a better
harmonic profile, while the 24-pulse and higher pulse
rectifiers provide good harmonic performance.

QDetailed design, performance analysis and

comparative evaluation of Multipulse AC-DC

converter based on Isolated Fork-transformer and
__ Isolated T-connected Transformer have been
z? presented.

NPTEL




The line current THD of the 12-pulse converter, normally do not satisfy the harmonic
requirement as specified by IEEE 519 standard, whereas, the 18-pulse converters have
better harmonic. Further, the 24-pulse and higher number of pulses provide a good
harmonic profile. Detailed design, performance analysis, and comparative evaluation of
multi-pulse AC-DC converter based on isolated fork-transformer, and isolated T-

connected transformer have been presented.

(Refer Slide Time: 52:42)
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