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

Module - 07
Numerical Examples
Lecture - 24
Active Series Power Filters (contd.)

Welcome to the course on Power Quality. We will discuss today the example on Series

Active Filters.

(Refer Slide Time: 00:29)

Q.1 Design a single-phase series active power filter for
filtering the voltage harmonics in a 220 V, 50 Hz ac
mains (15% third, 10% fifth, and 5% seventh
harmonics) present due to other loads and source
impedance, before it is connected to a critical linear
load of 3 kVA, 220 V, 50 Hz at 0.8 lagging pf. If a
single-phase VSC used as series APF, calculate (a)
voltage and current rating of APF, (b) kVA rating of VSC
of series APF and (c) interfacing inductance of the APF.
Consider the switching frequency of 10 kHz, dc bus
voltage of 200 V dc with allowable voltage ripple is 5%
and ripple carrent in inductor is 10%. h

s

Starting with the first example. Design a single-phase series active filter for filtering the
voltage harmonics in 220 volt, 50 hertz ac mains, which consist of 15 percent third, 10
percent fifth and 5 percent 7th harmonics present due to the other loads and source
impedance before it is connected to a critical linear load of 3 kVA two it at 220 volt, 50

hertz at 0.8 lagging power factor.

If the single-phase voltage source converter is used as a series active filter calculate a
voltage and current rating of series active filter kVA rating of voltage source series
active filter and the interfacing inductance of series active filter. Consider the switching
frequency of 10 kilo volt and dc bus voltage of 200 volt with the allowable voltage ripple

of 5 percent and ripple current in the inductor is 10 percent.
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The explanation of the numerical problem is described in the screenshots herein.

(Refer Slide Time: 01:51)

Solution: Given that, supply voltage, Vs = 220 V,
frequency of the supply =50 Hz, V3=15%, V=10%,
V=5%, a critical load of 3kVA at 0.8 lagging PF,
Vdc =200V, f 10 kHz, AI, =10%, AVdc-S%

The load current is as, | -3000/220-13 636A.
A =10% of |.=1.364A, T

AV =5% of V=10V,
V=200 AV,=190V. |
Vii=15% of V=33 V,
 VgEI0%of V=2,
(5 Vy=%otv=11V.

NPTEL
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(a)The voltage and current rating of series APF is as,
Vi ((Vg2+V 52V 2)=41.158V; |, = 13.636 A.

e —

(b) The kVA ratin§ of Vggof APF is as,
S=V/1;=41.158" 13.636 VA= 561.234 VA.

‘\——\
(C) The interfacing inductance of the APF is as,

L= V,J(4F.AL) = 200/(4*10000*1.364) = 3.666 mH.

(%

MPTEL
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Q.2 A single-phase VS| with square-wave ac output of
220 V rms at 50 Hz is feeding a critical linear load of 5
kVA, 220 V, 50 Hz at 0.8 lagging. Design a single-
phase series active power filter for filtering the voltage
harmonics in this system to eliminate voltage
harmonics and to regulate fundamental 220V rms
across the load. If a single-phase VSC used as APF,
calculate (a) voltage rating of APF, (b) current rating of
APF (c) kVA rating of VSC of APF, and (d) an
interfacing  inductance. Consider the switching
frequency of 10 kHz, dc bus voltage of 200 V dc with
allowable voltage ripple is 5% and ripEIE current in
%) inductor is 5%. -

Coming to the next example number 2. A single-phase voltage source inverter with a
square-wave ac output of a 220 volt, rms at 50 hertz is feeding a critical linear load of 5
Kva, 220 volt, 50 hertz at 0.8 lagging power factor and design a single-phase series
active filter for filtering the voltage harmonics in this system to eliminate the voltage
harmonics and to regulate the voltage fundamental voltage at 220 volt rms across the

load.



If single-phase voltage source converter is used as a active power filter, calculate the
voltage rating of active power filter, current rating of active power filter, K\VA rating of
the voltage source converter of active filter and design a interfacing inductance and
consider the switching frequency of 10 kilohertz, dc bus voltage of 2 200 volt dc and

with allowable voltage ripple of 5 percent ripple current of inductor is 5 percent like.

(Refer Slide Time: 04:58)

(A
3
)
.
)
D
)
D)

1.(A)
3¢
3
(
>
( e %
3 i D
(\
>
(
)
L
=

e
y %% %
foed \ :

The explanation of the numerical problem is described in the screenshots herein.

(Refer Slide Time: 05:45)

Solution: Given that, supply voltage, V =220 V, rms
square wave, frequency of the supply =50 Hz, a
critical load of 5kVA at 0.8 lagging PF, V=200V,
f=10 kHz, Al; =5%, AV4,=5%. -

The load current is as, IEMZ@#ZZ.Z?A.
Iy =5% of | =1.136., T
AV :=5% of v

Virn=200- AV =190V,

V=220V square wave and V=220 V' sine wave.
(a)The voltage rating of series APF is as,

B

® - J(m)( 1(220-220\2sin G)Zde) -98.23V

NPTEL e
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(b) The current rating of series APF is as,
= 1= 5000220 =22.27A
(c)The kVA rating of VS| of APF is as,
S= \£I5= 98.23 *22.27 VA = 2187.542 VA.

—

(d)The interfacing inductance of the APF is as,
L= Vi /(4fAl) = 200/(4*10000%1.136)

—_—

L =4401 mH.

If“
(¥

MPTEL
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Q.3 A series active-filter (consisting of VSC with ac
series inductor and dc bus capacitor) is used in series
with single-phase ac supply of 220 V, 50 Hz feeding
diode rectifier used for charging a—Eattery of 240 V at 12
A average current to reduce the harmonics in ac mains
current and to almost maintain UPF. Calculate (a) rms
voltage M diode rectifier, (b) line current, (c)
voltage rating_of APF, (d) current rating of ARF, (e) VA
rating of APF, (f) value OM’ and (g)
value of ac inductor of APF, Consider the switching
frequency of 10 kHz and ripples in the DC link voltage
and inductor currentare 5%.

O
F

MNPTEL

L

Coming to the numerical example 3. A series active filter constraints consisting of
voltage source converter with ac series inductor and dc bus capacitor is used in series
with the single-phase ac supply of 220 volt, 50 hertz feeding a diode rectifier used for
charging a battery of 240 volt at 12 amp ampere average current to reduce the harmonics

in ac mains current and to almost maintain unity power factor.

Calculate rms voltage at the input of diode rectifier, line current, then the voltage rating

of active filter, current rating of active filter, VA rating of active series active filter and



value of the dc link voltage of active filter and the value of ac inductor of series active
filter. Consider the switching frequency of 10 kilohertz and ripple in the dc link voltage

and inductor current are 5 percent.

(Refer Slide Time: 08:42)
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The explanation of the numerical problem is described in the screenshots herein.

(Refer Slide Time: 10:07)

Solution: Given that, V= 220V, =30 Hz, a load of
Vioa=240_V and :=12A, f=10 kHz, Al; =5%,
AV jeq75%. - - \
The active power is as,

ol I =2£0*1,2=2880 W.

The supply current is as, [;=2880/220=13.091A.
Al;=5% of 1;=0.655 A, AVy=5% of V, of APF.

(a) The rms voltage at the input of diode rectifier is
computed as.

V=240V,
O (b)The supply line current at unity power is as,
et |= 2880/220=13.091A.




(Refer Slide Time: 11:26)
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(c) The voltage rating of series APF,

V.= \/(1’n)(?(220\/§sin9 - 240)2d9) =104.53V
— 0 — ——

(d)The current rating of series APF is as,
li=1,=13.091A

(e)The VArating of VSI of APF is as,
S=V;*1,=104.53*13.091VA=1368.407 VA

(e )Trgvélue of dc bus voItagemas
Vicapr=\2Vym,=\2//0.8=184.785V=200V.
(g)The interfacing inductance of the APF is as,

9 L= Vdcap,l(4f Aly) = 7\.639mH

MNPTEL
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Q4 A series active-filter (consisting of VSC with ac
series inductor, coupling transformer and its dc bus
connected to battery functioning as the load) (shown in
Fig.) is used in series with single-phase ac supply of 220
V, 50 Hz feeding diode rectifier used for charging a
battery of 192 V at 25A average current to reduce the
harmonics in ac mains current and to almost maintain
UPF. Calculate (a) rms voltage at the input of diode
rectifier, (b) line current, (c) voltage rating of APF, (d)
current rating of APF, (e) VA rating of APF, (f) the value
of the ac inductor, and (g) tumf_trwgplmg
transformer. ﬁglder the switching frequency of 20 kHz

. Tipple current in inductor is 5%,

NPTRL
Coming to the 4th example. A series active filter consisting of voltage source converter
with the ac inductor, coupling transformer and its dc bus connected to the battery
functioning as a load shown in figure is used in series with the single-phase ac supply of
220 volt, 50 hertz feeding diode rectifier used for charging a battery of 192 volt at 25 a
ampere average current to reduce the harmonics in ac mains current and to almost to

maintain unity power factor.



Calculate the rms voltage at the input of diode rectifier, line current, voltage rating of
series active filter, current rating of series active filter, VA rating of series active filter,
the value of ac inductor, interfacing a dc inductor, the turn’s ratio of the coupling
transformer. Consider the switching frequency of 20 kilo hertz and ripple current

inductor is 5 percent like.

(Refer Slide Time: 13:21)
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The explanation of the numerical problem is described in the screenshots herein.

(Refer Slide Time: 14:27)

Solution: Given that, supply voltage, V = 220 V rms,
frequency of the supply =30 Hz, the load consists of
diode rectifier having current |,,=25A, and a battery of
V=192V, i

The active power is as,
P=Vig 157192725 W=4800 W.
Al {% of 1;=0.0521.818 = 1.091 A

(@) The sine wave supply current after the

compensation results in continuous conduction of

diodes of the rectifier (180° ) and it results in square

wave ac voltage at PCC with an amplitude of dc bus
; voltage, Vi,,=192 V. Therefore, V;,,.=192 V.

L= e —_—

NPTEL
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I |
(b) The line current at unity power is as,

|;=PIV=4800/220=21.8181A.
(c) The voltage rating of series APF,

V,= \/(1/"n)(g%n6-1 22)2d9) =95.94V
(d) The current rating of series APF is as,
Ir=1721.8181A.
(e) The\kVA rating of VSI of APF is as,
S=Vy'1;=95.94"21.8181VA=2093.3 VA.
(f) The interfacing inductance of the APF is as,
3&) L= V@,f/(4fi\lf) =192/(4"20000*1.091) = 2.2 mH.

NPTEL

(Refer Slide Time: 16:25)

(9) The turn’s ratio of the coupling transformer is
computed as,

The maximum e on ac side of VSC is as
Vyo\2=192112=135.76\)'and supply side, it must be
Vsupply=vf-

The turn’s ratio of the coupling transformer,
N,/N

135.74/95.94)=1.41505.

supply
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5. A series active power filter (consisting of VSC with
ac series inductor, coupling transformer and its dc
bus connected to dc bus of the load) (shown in Fig.)
is used to reduce the harmonics in ac mains current
and to maintain almost UPF in the series of single-
phase ac supply of 220 V, 50 Hz feeding a diode
rectifier with a capacitive filter of 2000uF and resistive
load of 10 ohms. The dc bus voltage of the load is
decided to result in minimum injected voltage of the
APF. Calculate (a)Tms voltage at the input of diode
rectifier, (b) line current, (c) voltage rating of APF, (d)
current rating of APF, (e) VA rating of APF, (f) dc bus
voltage, and (g) tumns ratio of the coupling
transformer. ’

Coming to numerical example 5. A series active power filter consisting of voltage source
converter with ac series inductor and coupling transformer and its dc bus connected to dc
bus of the load is used to reduce the harmonics in ac mains current and to maintain
almost a unity power factor in series supply of 220 volt, 50 hertz feeding a diode rectifier

load with a capacitive filter of 2000 microfarad and a resistive load of 10 ohm in parallel.

And dc link voltage of the load is decided to result in a minimum injected voltage of the
APF calculate the rms voltage at the input of diode rectifier line current, voltage rating of
series active filter, current rating of series active filter, VA rating of series active filter,
dc bus voltage of series active filter and turn’s ratio of the coupling transformer used in

series active power filter.
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The explanation of the numerical problem is described in the screenshots herein.

(Refer Slide Time: 18:46)

Solution: Given that, supply voltage, V, = 220 V rms,
frequency of the supply =50 Hz, the load consists of
diode rectifier Ry;=100.

If x volts is the dc bus voltage of the rectifier load,
then the injected voltage of the APF is as,

4= ezl 4

After integrating and taking derivative with respect
tox, it gives x= (22/m)V,= 0.9V,=V,=198.07 V.

The DC load current is as,
f;) Idc=V¢Rdc= 19/8_.97/@=1 @A.

NPTEL




(Refer Slide Time: 20:02)
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The active power is as,

P=V,, *I,= 198.07*19.807W=3923.175 W.

(a)The sine wave supply current after compensation

results in continuous conduction of diodes of the

rectifier (180° ) and it results in square wave ac

voltage at PCC with an amplitude of dc bus voltage,

V! %ﬂ V.

Therefore, V= w V.

(b) The line current at unity power is as,
|;=PIV=3923.175 /220=17.833A. |

(c) The voltage rating of series APF, V; is as.

'39 V,=V,, f(1’n)(g(@g&sine-1@)zd9):95.752_v

MNPTEL ° V

—
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(d) The current rating of series QPF,

l;=1=17.833A.
(e) The kV’ﬂati/n_g of V3l of APF is as,
S=V'l= 95.752 *17.833VA=1707.545 VA.
(f) The'dc bus voltage of the load is as,
V,=x=198.07 V.

(g)The turn's ratio of the coupling transformer is
computed as follows.

The maximum ac voltage on ac side of VSC of APF 1

may be V,/\2= 198.07v2=140.056 V and on the

supply side, it must be V,,; =V;. The tum’s ratio of the

o coupling transformer is as. —
“‘#) N, /N, =140.056 / 95.752 =1.463.
NP Ml =G 1.0,

TEL vsi' ' 'supply
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6. A series active power filter (consisting of VSC with
ac series inductor, coupling transformer and its dc
bus connected to dc bus of the load) (shown in Fig.)
is used to reduce the harmonics in ac mains current
and to maintain almost UPF in the series of single-
phase ac supply of 220 V, 50 Hz feeding a diode
rectifier with a capacitive filter of 1000yF and resistive
load of 10 ohms. If dc bus voltage of the load is to he
maintained t iuon_gant ripple free 320V, then
calculate (a) rms voltage at the input of diode rectifier,
(b) line current, (c) voltage rating of APF, (d) current
rating of APF, (e) VA rating of AP of APF, and {f) turns ratro
7~ ofthe coupllng transformer

Coming to the 6 numerical example. A series active power filter consisting of voltage
source converter with ac series inductor coupling transformer and it is a dc bus
connected to the dc bus of the load shown on in the figure is used to reduce the
harmonics in ac mains current and to maintain almost unity power factor in series of the
single-phase ac supply of 220 volt, 50 hertz feeding a diode rectifier with a capacitive

filter of 1000 micro farad and resistive load of 10.

If dc bus voltage of load is to be maintained constant ripple free of 320 volt then
calculate the rms voltage at the input of diode rectifier, line current, voltage rating of
series active filter, current rating of series active filter, VA rating of series active filter

and turn’s ratio of coupling transformer.
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The explanation of the numerical problem is described in the screenshots herein.

(Refer Slide Time: 24:23)

Solution: Given that, supply voltage, V = 220 V rms,
frequency of the supply f=50 Hz, the load consists of
diode rectifier Ry:=10Q, Vdc=£0_\/.

The load current is as, 14,=320/10=32A.
The active power is as,
P=Vy 14=320"32 W=10240 W.

(a) The sine wave supply current after compensation

results in continuous conduction of diodes of the

rectifier (180° ) and it results in square wave ac voltage

at PCC with an amplitude of dc bus voltage, V,.=320 V.

Therefore, V,,, =320 V. e
e

& (b) The line current at unity power is as,
win | =P/V=10240/220=46.5




(Refer Slide Time: 25:24)
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(c) The voltage rating of series APF, V; is as follows.

V=V, = J(Tn)(Z(ZZO*\/ﬁsineﬂ))zde =165.034 V

(d) The current rating of series APF is as,
= 1246 345 A.

(e) The kVA rating of VS| of APF iia_s, I
S=V,*I§=1 55.032 *46.545 VA=7215.98 VA.

(f) The turn's ratio of the coupling transformer is
computed as follows.

(Refer Slide Time: 26:05)

The maximum ac voltage on ac side of VSC of APF
may be V/\2=320/2=226.27 V and on the supply
side, it must be Vg, =Ve

The turn’s ratio of the coupling transformer,
Nys/Nsyppy=226.27/155.032 =1.4595.

-
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7. A single-phase 230V, 50 Hz diode bridge rectifier
with a dc capacitor filter feeding a dc of 340 V at 10A
average current to variable frequency 3-phase VS
fed induction motor drive in an air conditioner. A
single-phase series active power filter (consisting of
VSC with ac series inductor, coupling transformer
and dc bus capacitor) (shown in Fig.) is used in
series of this rectifier-inverter system to reduce the
harmonics_in_ac mains current, to almost maintain
UPF and to regulate the dc bus voltage of rectifier to
340V. Calculate (a) rms voltage at the input of single-
phase diode rectifier, (b) line current, (c) rms current
#~  of the APF, (d) rms voltage across the APF, and ()
%7 VAratingof APF. ~—r -

MPTEL

Coming to the numerical example 7. A single-phase 230 volt, 50 hertz diode bridge
rectifier with the dc bus capacitive filter feeding a dc of two 340 volt and 10 ampere
average current to a variable frequency 3-phase voltage source fed induction motor drive

in an air conditioner.

A single-phase series active filter consisting of voltage source converter with series
inductor coupling transformer and dc bus capacitor is used in series with the rectifier
inverter system to reduce the harmonics in ac mains current and to almost maintain a

unity power factor and to regulate the dc bus voltage of rectifier to 340 volt.

Calculate the a, rms voltage at the input of single-phase diode rectifier; b, line current; c,
rms current of a series active filter; rms voltage across the series active filter and the VA

rating of your series active filter.
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The explanation of the numerical problem is described in the screenshots herein.

(Refer Slide Time: 28:32)

Solution: Given that, supply voltage, V, =230 V rms, I
f

requency of the supply f=50 Hz, the load consists of
diode rectifier having |4,=10A, vdc=(3@y.
The active power is as, ﬁ/dc |3:=340*10 W=3400 W.
(a) The sine wave supply current after compensation
results in continuous conduction of diodes of the
rectifier (180° ) and it results in square wave ac
voltage at PCC with an amplitude of dc bus voltage,
Vpoc=3ﬂ) V. Therefore, V,,,;=340 V.
(b) The line current at unity/p—ow\er is as,
|;=P/V=3400/230=14.783A.
& (c) The current rating of serieSAPF is as,
= 1=14.783A

NPTEL
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(d) The voltage rating of series APF, V; is as follows.

Vi= V"_’"S \l’( )(Z(Z30*x/§sin6-3@)2de ~166.405V

(e) The kVArating of VSI of APF is as,
S=Vy'1;=166.405 *14.783 VA=2459.96 VA.

MHPTEL
(Refer Slide Time: 30:09)
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Q.8 Design a 3-phase series active power filter
(shown in Fig.) for filtering the voltage harmonics in a
415 V, 50 Hz ac mains (having 15% fifth, 10%
seventh, 7% eleventh and 5% thirteenth harmonlcs)
present due to other loads and source lmpedance
before it is connected to a critical linear load of 30
kVA, 415 V, 50 Hz at 0.8 lagging pf. If a 3- phageﬁc
is used as a series APF, calculate (a) voltage and
current ratlng of APF, (b) kVA rating of VSC of APF, (c)
interfacing inductance, and (d) tums ratio of the
coupling ~ transformer. ~ Consider the  switching
frequency of 10 kH;, DC bus voltage of 200V DC with

7 allowable voltage ripple is 5% and ripple current in

¥ inductor is 5%.

NPTEL

Coming to the numerical problems; design a numerical problem 8. Design a 3-phase
series active filter for filtering the voltage harmonics of 415 volt 50 hertz ac mains
having 15 percent fifth, thermal 10 per seventh and 7 percents eleventh and 5 percent
thirteenth harmonic present due to the other loads and source impedance before it is
connected to critical load of 30 kVA, 415 volt, 50 hertz at 0.8 lagging power factor.

If 3-phase VSC is used as a series active power filter, calculate the voltage and current

rating of series active filter, K\VA rating of series active filter, interfacing inductance and



the turn’s ratio of the coupling transformer. Consider the switching frequency of 10
kilohertz, DC link voltage of 200 volt DC and allowing voltage ripple of 5 percent and

ripple current of inductor of is 5 percent.

(Refer Slide Time: 30:53)
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The explanation of the numerical problem is described in the screenshots herein.

(Refer Slide Time: 31:12)
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Solution: Given that, V, = 41513=239.6V, =50 Hz,

Vis=15%, Vir=10%, V1y=7%, Vs13=5%, a critical load

of 30kVA at 0.8 lagging PF, Vdc-200V f=10kHz, AI,

=5%, AV=5 =5%.

The load current is as,
1:=30000/(3"239.6)=41.736A.

st Tl
Al;=5%"1:=2.087A,
AVe=5%" Vdc-10V
Vigemin=200- AVdc 190V.
V55-15%*V 35 94V Vr=10%"V;= 23,96V,

’;9 vs11 =T%"V, = 16.77V, Vg35=5% of V= 1 98V.

MPTEL
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(a)The voltage and current rating of series APF is as,
ViVt V2V Vi ?) = 47.86V;
l;=41.736 A.

(b) The kVA rating of VSC of APF is as,

S=3"V{ls= 3*47.86:@]36@5%%.
(c) The interfacing inductance of MF,
I.Liljv_SL/Nsup_p,y{(\(3)/2}mancapt/(6afSAI )

7

= 1.477{(/3)/2)0.8*200/(6*1.2+10000*2.087)
L= 1498 mH.

Fo
MPTEL

(Refer Slide Time: 32:35)

(@) The turn's ratio of the coupling transformer is
computed as following.

The maximunﬁc_voltage on ac side of VSC of APF
may be m*V/(2*12)= 0.8°200/(2*\2) = 56.57 V
and on the supply side, it must be Vg, =V:. ‘

The turn's ratio:)fIhe coupling transformer,
NeilNoors™ 5§§7/4E6=1 1.18.

N
MPTEL

|w
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Q.9 A three-phase, series active power filter (consisting
of VSC with ac series inductor, coupling transformer and
dc bus capacitor) (shown in Fig.) is used in series with
three-phase ac supply of 41 ﬂwl_nga\_three
phase diode rectifier used for charging a battery of 540 V
at 50A average current to reduce the harmonics in ac
mains current and to almost maintain UPF. Calculate@
rms line voltage at the input of diode rectifier (almost
quasi square wave), (b) ac Iin%u_rrﬂt, (c) rms current of
the APF, (d) rms voltage aWF (e) VA rating of
APF, (f) ac inductor value, and (g) turns ratio of the
coupling transformer if the dc bus voltage of APF is 400V.
Consider @hﬂgj@ency of 20 kHz, ripple in DC

;) link voltage is 8% and ripple currentw
MPTEL

Coming to the 9 numerical problem. A 3-phase series active power filter consisting of
voltage source converter with ac series inductor coupling transformer and dc bus
capacitor shown in figure is used as a series in series with the 3-phase supply of 4 15
volt, 50 hertz feeding a 3-phase diode rectifier load for charging a battery of 540 volt at
50 ampere average current to reduce the harmonic currents in ac mains current and

almost maintain unity power factor.

Calculate a, rms line voltage at the input of diode rectifier which will be almost quasi
square because we will be forcing all 3-phase current to be sinusoidal, ac line current,
rms current of the series active filter, rms voltage across the active filter, VA rating of a
series active filter, ac inductor value, turn’s ratio of series active filter sorry coupling

transformer using series active filter if the dc link voltage of APF is 400 volt.

Consider the switching frequency of 20 kilo hertz and ripple in the dc link voltage
deviation dc link voltage is 8 percent of its | mean reference value or nominal value and

ripple current in the inductor is 2 percent.
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The explanation of the numerical problem is described in the screenshots herein.

(Refer Slide Time: 35:22)

Solution: Given that, supply voltage, V. =
4153=239.6V, frequency of the supply f=50_Hz,
Viigoa=240V, 14=50A, £=20 kHz, Al; =2%, AV=8%,
Viieap=400V. i
The active power is as,
P=V,, 11,=540*50 W=27000 W.
The supply current is as,
1;=27000/(3"239.6)=37.563A.
Al;=2% of 1 ;=0.75125A,
e T S
AV=8% of V=32V,
(5 Vir™200- BV, =368V,
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The sine wave supply current after the compensation I
results in continuous conduction of diodes of the three

phase diode rectifier (each dloaaonductlng for 18'0°)
and it results in the waveform of the phase voltage at
the input of diode mep ed waveforms as (i)
first step of ange {from 0° to (m/3)} and a
magnitude of ( Vd 43), (ii) second step of /3 angle
{from (m/3) to 2TT/3} )} and @ magnitude of {2Vy0,4/3},
(iii) third step of /3 angle {from (2m/3) to ()} and a
magnitude of {Vdc|oaa/3} and it has both half cycles of
symmetric segments of such steps.

(@) The rms line voltage at the input of diode rectifier
3;) is computed follows as.

—
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The sine wave supply current after compensation
results in continuous conduction of diodes of the
rectifier (180°) and it results in quasi square wave ac
voltage at PCC with an amplitude of dc bus voltage,
VeV gcoad J2N3)-440 91V. Therefore, V,:=440.91V.

(Brﬁ?sT)plllne current at unity power is as
I;Z?ﬁO/@*Z?&.S) 37.563A.

(c) The current rating of series APF is as,
1¢=1=37.563A (Since APF is connected in series with
supply)

(d)The rms voltage rating of series APF, V;is computed

»~ Dy taking the difference of the supply phase voltage
{%3 and phase voltage at the input of diode rectifier as.

MPTEL
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1) (239.62sin6-180)/do+

P

V= 2’.’f(239.6J§sine-3_6_0)2d9+ ~756415 V

T (239.6+2sinB-180)%d8}

m3__—

(c) The KVA rating of VSC of APF is as,
S=3"V{;=3"75.6415*37.563 VA=8524 VA.

S e —————

(d) The interfacing inductance of the APF is as,
L= Nys/Nsuopiy {(V3)/2}mavdmig6afsAlf)
=1.4957{(\3)/2}*.8400/(6*1.2*20000*0.75125)
L;=3.83 mH.

(Refer Slide Time: 39:25)

(g) The turn’s ratio of the coupling transformer is
computed as following.

The maximum ac voltage on ac side of VSC of APF

may be as follows.
ma*Vdc/(Z*\/Z)=0;8*&Q0/(2*\/@
and on the supply side, it must be V=V,
The turn’s ratio of the coupling transformer is as,

NygfNaggpy=113.137/75.6415 =1 4957..
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Q.10 A three phase 415V, 50 Hz, 6-pulse diode bridge
rectifier with a dc capacitor filter feeding a dc of 6@\/&1t
150A average current to variable frequency VS| _fed
induction motor drive. A three-phase series active power
filter (consisting of VSC with ac series inductor, coupling
transformer and dc bus capacitor) (shown in Fig.) is @i
in series of this_rectifier-inverter system to reduce the
harmonics in ac mains current, almost to maintain UPF
and to regulateTj,dc bus voltage of rectifier to 600V.
Calculate (a) rms_line voltage at the input of diode
rectifier, (b) line current, (c) rms current of the APF, (d)
s voltage across fhe APF, and (€) VA rating of APF.

Coming to the 10th numerical problem. A three phase 4 15 volt, 50 hertz, 6-pulse diode
bridge rectifier with the dc capacitor filter feeding a 600 volt at 150 ampere average
current to variable frequency voltage source inverter fed index motor drive. A three
phase series active filter consisting of voltage source converter with ac series inductor

coupling transformer.

And dc capacitor is used in series with the rectifier inverter system to reduce the
harmonics in ac mains current almost to maintain unity power factor and to regulate the
dc bus voltage of the rectifier to 600 volt. [FL] calculate the rms line voltage at the input
of diode rectifier; b, line current; c, the rms current of series active filter; d, is the rms

voltage across the active filter and e, the VA rating of series active power filter.
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The explanation of the numerical problem is described in the screenshots herein.

(Refer Slide Time: 42:35)

Solution: Given that, supply voltage, V = 41513=239.6V,
frequency of the supply =50 Hz, V4,,5=600V, |,.=150A.
The active power is as, P=V, |,.=600*150 W=90000 W.
The supply current, 1,:=90000/(3239.6)=1 @_ZiA/-
The sine wave supply current after the compensation
results in continuous_conduction of diodes of the three
phase diode rectifier (each diode conducting for 180° ) and
it results in the waveform of the phase voltage at the input
of diode (Vi) is @ stepped waveforms as (i) first step of
/3 angle {from 0° to (1/3)} and a magnitude of (Viyy,4/3),
(i) second step of m/3 angle {from (m/3) to (2m/3)} and a
magnitude of {2Vyq.4/3}, (iii) third step’oﬂB angle {from
) (2m/3) to (m)} and a magnitude of {V4,4/3} and it has both
s ;9 half cycles of symmetric segments of such steps.
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(@) The rms line voltage at the input of diode rectifier
is computed as follows.

The sine wave supply current after compensation
results in continuous conduction of diodes of the
rectifier (180°)and it results in quasi square wave ac
voltage at PCC with an amplitude of dc bus voltage,

Voo™V giga(12/3)=489.89V.

Therefore, V,,,,=489.89V.

(b) The supmnt at unity power is as,
1,=90000/(3°239.6)=125.21A.

(c)m”ent rating of series APF is as,
1=1=125.21A. (Since APF is connected in series with
supply.)

(Refer Slide Time: 44:58)

(d)The rms voltage rating of series APF, V; is computed
by taking the difference of the supply phase voltage
and phase Voltage at the input of diode rectifier as
follows.

(1,/11){"53(23/95//Esine-gg())2de+

= 2’,'f(239.6&sine4@)2de+ -89.323V

T (239.642sin6-200)d6}

s — —  —

(e)The kVA rating of VSC of APF is as,
§=3"V'1,=3"89.323*125.21 VA = 33.552 kVA.

—_—




