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Lecture - 28
Hybrid Power Filters (contd.)

Welcome to the course on Power Quality. We are discussing the Hybrid Power Filters.

(Refer Slide Time: 00:27)

5. A single-phase universal active power conditioner (UAPC
consisting of shunt and series APFs using two VSCs with a
common bus capacitor as shown in Fig.) is designed for a
critical load of a 230 V, 50 Hz single-phase resistive load of
20 Q through a phase controlled ac voltage controller at a
fiing angle of 30° of its thyristors. If there is a voltage
fluctuations of +mo in supply system with base
value of 230 V. Calculate (a) the voltage rating of shunt
element of UAPC, (b) the current rating of shunt elements of
UAPC, (c) _thgmning of shunt element of UAPC, (d) the
voltage rating of series element of UAPC, (e) the current
rating of series element of UAPC, (f) the VA rating of series
element of the universal active power conditioner to provide
harmonics and reactive power compensation for unity power
#~, factor at ac mains with constant sine wave voltage of 230 V at
(%3 50 Hz across the load.

NPTEL

Coming to the 5™ numerical, A single phase universal active power conditioner
consisting of shunt and series active power filters using two voltage source converter
with common dc bus as shown in figure is design for critical load of 230 volt 50 hertz
single phase the resistive load of 20 ohm, through a phase control ac voltage controller at

fire angle of 30 degree of its thyristor.

And if there is any if there is a flow voltage fluctuations of plus 10 percent minus 20
percent in the supply voltage, this way with the base value of 230 volt calculate a the
voltage rating of shunt element b current rating of shunt element, ¢ VA rating of shunt
element, d voltage rating of the series element, e current rating of series element, f VA
rating of series element of the universal active power conditioner to provide harmonics
and reactive power compensation for unity power factor at ac mains with constant sine

wave voltage of 230 volt across the load.
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The explanation of the numerical problem is described in the screenshots herein.
(Refer Slide Time: 02:15)
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Solution: Given that, supply voltage, V; =230 V rms, frequency of
supply, f = 50 Hz, a nonlinear load of a phase controlled ac
voltage contraller consisting of 230 V, S0 Hz R=20Q a=
W?_r’ags). There is a voltage fluctuation of +10% and -20%
in supply system with base value of 230 V. A single-phase
universal active power conditioner (UAPC) is to provide unity
power factor at the ac mains with constant sine wave voltﬁ
230V at 50 Hz across the load. Let X be the pu voltage variafion
and @gthe PCC voltage under voltage variation.

In this system, load current harmonics and reactive power
compensation are to be provided by the shunt active filter of
UAPC. The voltage sag/swell compensation is provided by series
filter of UAPC. However, while compensating for sag/swell, an
active power is circulated between series and shunt active filters
’ as explained earlier in chapter of UPQC. Under maximum voltage
{%} dip, the maximum rating for both the VSCs are realized. The
e Various rating calculations are as follows,
= Sty S |
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The supply voltage under maximum voltage sag is as,
VU=V, (1X) = 230°71-0.2) = 184 V.
— ——

In a single-phase, phase controlled ac controller, the
waveform of the supply current (I;) has a value of V(R from
angle atom. The peak load voltage is as, T

Vge=23012= 325.21V.

The load RMS curregt,

I, = Vg {1/(2m)K( -0 +sin20/2}]IR = 11.333A.

The fundamental RMS load current s as,

I+ = Vied(2m R2)[ (cos2a-1)2+{sin2+2( Tr-0)}2] %= 11.206 A.

- e

The angle between fundamental voltage and current is as,
"*) 8, =tan"[(cos2a-1)/ {sin2a+2( T-a)}] = 4.684 °.

MPTEL
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The RMS active power fundamental component of load current
is as,
I 1a= 14 cos 6, = 11.206cos (4.684) = 11.169 A.

The active power consumed by the load is as,
PL= V'l 4, = 230*11.169 = 2568.771 W.

——

The supply current under maximum voltage variation (-20%
sag) is-as,
I;=P/Vy'=2568.771/184 A= 13.961 A.

L pictagiia
Total harmonics and reactive power component of load current

is calculateci/as,
I, = V(1,242 = V(11.333% 11.1692) = 1.921 A.

cE T

7~ (a) Th:voltage rating df?h’lEt element of UAPC is equal to.ac
i%3 load voltage of Vg, = 230 V, since it is connected across the

wis.  load of 230 V sine waveform.
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(b) The current rating of shunt element of UAPC is computed as,

The shunt element of UAPC is to provide load current harmonics
and reactive powef compensation, hence the required
harmonics current and reactive power of the load it has to
supply. Therefore, total harmonics and reactive power
component of load current to be supplied by shunt active filter is
as, =
lenr= 1= 1.921A.
\Tm_p_ply fundamental voltage is lower as compared to the
required load voltage. Hence, shunt APF absorbs active power
and that active power is delivered back into the system via series
APF. The active power component of shunt APF current is
estimated as, 6

S v//’_

(%) lon=l- L= 13961 111692792

NPTEL — > —
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The overall current rating of shunt active filter is estimatg@gs,
len = V( lgng2 1) = V(2.7922+ 1.9212) = 3.389 A.

(c) The VA rating of VSC of shunt APF is estimated as,
S = Van'lsy = 230" 3.389 VA= 779.476 VA.

(d) The v&fage rating of series element of UAPC is computed
as,

There is a voltage fluctuation of +10% and -20% in supply
system with base value of 230 V. Therefore, the series s APF
must inject the difference of these maximum of these two
voltages to regulate the voltage at the load terminal. The
voltage rating of series APF under maximum sag condition is
as,

fﬁh = * -
(%) Vie=230020=45V.

NPTEL
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(e) The current rating of series element of UAPC is same as
supply current under voltage sag, i

l=1=13.961 A.
(f) The VA rating of series ele(n/erltgfLJABCJs as,

S = Vi, |y, = 46*13.961 VA = 642.206 VA.
— “ S e

N
-4
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Q.6 A single-phase VS| with quasi-square wave ac output of
230 V rms at 50 Hz is feeding a critical load of 230 V, 50 Hz
single-phase thyristor bridge with cohﬁM}QA at
60° firing angle of its thyristors. A single-phase universal active
power conditioner (UAPC consisting of shunt and series APFs
using two VSCs with a common bus capacitor as shown in Fig.)
is designed for this critical nonlinear load. Calculate (a) the
voltage rating of shunt element of UAPC, (b) the current rating
of shunt elements of UAPC, (c) the VA rating of shunt element
of UAPC, (d)the voltage rating of series element of UAPC, (e).
the current rating of series element of UAPC, (f) the VA rating of
series element of UAPC to provide harmonics and reactive
power compensation for unity power factor at ac mains by shunt
element of UAPC and constant regulated sine wave voltage of a
7~ 230.V-rms sine wave at 50 Hz across the load by series
*9 element of UAPC.

NPTEL

Coming to the 6th numerical problem a single phase voltage source inverter with a quasi
square wave form ac output of 230 volt 50 hertz is feeding the critical load of 230 volt 50
hertz single phase thyristor bridge. With a constant dc current of 30 ampere, at the 60
degree fire angle of thyristor and single phase universal active power conditioner is
design for this critical non-linear load calculate a the voltage rating of shunt element

current rating of shunt element.



VA rating of shunt element and the voltage rating of series element and the current rating
of series element and a VA rating of series element of universal active power conditioner
to provide harmonics and reactive power compensation. For unity power factor at ac
mains by shunt element of universal active power filter and constant regulated sine wave
voltage of the 230 volt rms sine wave at 50 hertz across the load by series element of

universal active power filter.

(Refer Slide Time: 08:20)
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The explanation of the numerical problem is described in the screenshots herein.

(Refer Slide Time: 09:28)

Solution: Given that, supply voltage, V, = 230 V rms quasi-
square wave, frequency of supply, f = 50 Hz, a critical load of
230 V, 50 Hz ‘single-phase thyristor bridge with constant dc
current of 30 A at 60° (/6 rad) firing angle of its thynstors

In this system, load reactive power and harmonlcs current
compensation are to be provided by the shunt active filter of
UAPC. The voltage compensatlon is provided by series filter of
UAPC- However, there is a difference in magnitude of
fundamental voltage in the supply and load terminals, to
compensate that an active power is circulated between series
and shunt active filters as explained earlier in UPQC-P. The
rating calculations for both the VSCs of UAPC are as follows.
The load current i Is a square wave current with ar amplitude |4

The ac load rms current is as,

;) L=30A

NPTEL
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The fundamental component of load current is estimated as,
k=09, -

The fundamental active power component of load current is,
I 1a= I 4 cosa = 0.9*30*cos60° = 13.5A.

e
The harmonics and Teactive power component of load current
is estimated as, o

I = V(1> 157) = 26.794A
The amplitude of quasi-square wave is estimated as,
V= (230/(V(2/3)) = 281.69 V.
The fundamental component of supply voltage is estimated as,
V,, = (VBHT)*V,y, =0.779'281.69 = 219,634 V.
f ldd St
?; The active power consumed by the load is given by,
S PV, = 230135 = 3105 W,

~

NPTEL
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The supply current is estimated as,
=P Vg = 3105/219.63=14.137 A.
bt

(a) The voltage réting of shunt element of UAPC is equal to ac
load voltage of Vi, = 230 V, since it is connected across the load
of 230\/)@&@@[0%7

(b) The current rating of shunt element of UAPC is computed as.
—

The shunt element of UAPC is to supply load current harmonics
and reactive power compensation, hence the total harmonics
and reactive power component of load current through shunt
active filter s,

L= V(1.2 14,2 = V(302-13.52) = 26.791 A.

The su}ply fundamental voltage is lower as compared to the
#7\ required load voltage. Hence, shunt APF absorbs active power
8 and that active power is delivered back into the system via series

MPTEL APF_ — =
LR e = s s el |
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The active power component of the shunt APF current is
estimated as, o

lga= e (14.137-135) A= 0.637 A

The net current rating of shunt APF is estimated s,
1= V(I 2+ 2)=V(0.6372+ 26.7912) = 26 799 A.

(c) The VA ating of VSC of shunt APF is s,
Sin= Vi = 230° 26.799 = 6163674 VA

(d) The v voltage ratmg g of series element of UAPC is computed
as.

The supply voltage is quasi-square wave of V=230 V rms and
the load voltage at load ternjmhnus{bes:a\me of V= 230

#~_ V. Therefore the series APF must inject the difference of these

i 9 two voltages to provide the required voltage at the load end.
NPTEL
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_—_— |
The voltage rating of series APF,

T (-230V2sin8)/d8 +
0 — =

V.- sr}m(281.69-230«/_§gr16)2d6+ =69.05V

m - —

—

230J§s|ne 248

SmG S

(e) The current rating of series element of UAPC is same as
supply current,

o=l ATA
7 () The VA rating of series element of UAPC is as,
O
§9 Se.= V,se'l = 69 05*14 137VA=976.176 VA.

—

MNPTEL
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Q.7 Asingle-phase VSI with a square wave ac output of 230 V
rms at 50 Hz is feeding a critical load at 220 V, 50 Hz single-
phase and consisting of uncontrolled diode bridge converter,
which has a RE (resistive with an emf) load with R =4 Q, and E
= 216 V. A single-phase universal active power conditioner
(UAPC consisting of shunt and series APFs using two VSCs
with a common bus capacrtor as shown in Fig.) is designed for
this critical nonlinear load. Calculate (a) the voltage rating of
shunt element oﬂlAPC (b)-the current rating of shunt elements
of UAPC, (c )the VA rating of shunt element of UAPC, (d) the
voltage rating of series element of UAPC, (e) the current rating
of series element of UAPC, (f).the VA rating of series element of
UAPC to provide harmomcs and reactive power compensatlon
for unlty power fa factor at acﬁiﬁb‘ shunt element of UAPC_
and constant regulated sine wave voltage of a 220 V rms sine

wave at 50 Hz across the load by series element of UAPC.

Coming to 7th numerical problem a single phase voltage source inverter with a square
wave ac output of 230 volt at 50 hertz is feeding the critical load of 220 volt, 50 hertz a
single phase. And consisting of un controlled diode bridge converter having a RE
resistive and bend emf load with resistance equal to 4 ohm and E equal to 216 volt, a
single phase universal active power conditioner consisting shunt and series active power

filter using a 2 voltage source converter with common dc bus capacitor is use.

And which is design for critical non-linear load, calculate the a voltage rating of the
shunt element of universal active power filter. b current rating of the shunt act element of
universal active power conditioner, the c the VA rating of the shunt element of universal
active power filter, d the voltage rating of series element of universal active power filter

and e the current rating of series element of universal active power conditioner.
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The explanation of the numerical problem is described in the screenshots herein.
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Solution: : Given that, supply voltage, V = 230 V rms square

wave, frequency of supply, f = 50 Hz a critical load at 220 V, 50
Hz single-phase and consisting of uncontrolled diode bridge
converter, which has a RE (resistive with an emf) load with R =
40,andE=216V. -

/_\

In this system, load reactive power and harmonics current
compensation are to be provided by the shunt active filter_of
UAPC. The voltage compensation is provided by the series
filter of UAPC. However, there is a difference in magnitude of
fundamental voltage in the supply and load terminals, to
compensate that an active power is circulated between series
and shunt active filters as explained earlier in UPQC-P. The
rating caIculE@_hﬂthe VSCs of UAPC are as follows.

#~  The amplitude of square wave is,

7
”9 V=230V, /

NPTEL
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I |
The fundamental component of supply voltage is estlmated as,
Vyi = 0.9°Vq = 097230 = 207 V. However, the load terminal
voltage is need to be regulated at, VL 220 V.

Under this reduced fundamental voltage, the rating calculations
for both the conditioners are as follows,

In single-phase diode bridge converter with RE load, the
current flows from angle (o) when ac voltage is equal to E and
to the angle (B) at which ac voltage reduces to.E, T

The peak load voltage is,
Vim=220%2V=311.13 V.
/ i
a=sin ‘1(ENLm) =sin (216/311.13) = 43.96°,
p=m-a= 136 03°,
’;9 The conductlon angle = B—a 92 06°.

MPTEL
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The RMS load current (I,) is rms of discontinuous current in the
ac mains which is estimateﬁs,

I, = [{1/(mR2)}(0.5V, ,*+E?)( m-2a)+0.5V, . *sin2a-4V, ,E cos a}]*
I =12.32A
An average current (Idc) flowing into the battery is as,
lge —{1/(TTR)}(2V|_m cos a+2E a -mE) = 8.02A.
Acﬂmn from the ac mains is as,

ZEzllzllse
P @Elm- 12. 322*4+216*8 02= 2339 8W.
The active power component of fundamenta! load current from
ac mains is,
l1a= E,LNL: 2339.8/220 = 10.63 A.

The suppﬁcur?éﬁ is estimated as,

¥
wit, o= PV =2339.8207 = 11.30A,
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The harmonics and reactive power component of load current is
estimated as,

o= V212 = V(12.32210.36%) = 6.22 A

(a) The voltage rating of shunt element of UAPC is equal to ac
load voltage of Vi, =220V, since it is connected across the load
of 220 V sine waveform.

—

(b) The current rating of shunt element of UAPC is computed as,

The shunt element of UAPC supplies all current harmonics aEQ
reactive power component of load current hence harmonics and
reactive power component of current from shunt active filter is
as,
leor= V(1,2 1,1,2) = (12.322-10.362) = 6.22 A.

P o

NPTEL
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The supply fundamental voltage is lower as compared to the
required load voltage Hence, shunt APF absorbs actlve\wer
and that active power is delivered back into the system via series
APF. The active power component of current from shunt APF is
estimated as,

lsha = I 12 =(11.30-10.63) A= 0.67 A.

The net current rating of shunt APF is estimated as,

Iy = \(|jha2+|s/hr2)=v(0.67f+w

(c) The VArating of VSC of shunt APF,

S¢= V,S,,"ISh =2206.25=1 /_A\A
(d)The Ve voltage rating of series element of UAPC is oomputed as.

The supply voltage is square wave of V, = 230V rms and the
#~ load voltage at lgad terminal must be sine wave of Vi=220V.
‘9 Therefore the series APF must inject the difference of these two
wriEL_ yoltages to provide the required voltage at the load end.
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The voltage rating of series APF is estin}gggd as,

V| (t (. (230-220*2sin6'd8|=100.93 V

\__’,’—\

(e) The current through series element of UAPC is same as
supply current-hence current rating if series element is
estimated as, -
le=1=11.30A.
(f) The VA rating of series element of UAPC is as,
S = Vi 'l = 100.93*11.30 VA = 1140.5 VA.

— ———

EO

g
§\y
iR

MPTEL
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Q8. A single-phase active hybrid filter (consisting of a one

branch passive shunt filter as a high pass damped filter and

series APF connected in series of ac mains using VSC with

bus capacitor as shown in Fig.) is designed for a load of 230

V, 50 Hz thyristor ac voltage controller with a resistive load of

20.0 Q at 60° firing angle of its thyristors. Calculate the rating
of both series APF and elements values of passive shunt filer

used in a hybrid filter to provide harmonic compensation and

reactive power compensation for unity power factor at ac

mains.

MPTEL

|w
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The explanation of the numerical problem is described in the screenshots herein.
(Refer Slide Time: 24:05)
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Solution: Given that, supply rms voltage, V = g& V,
frequency of the supply f = 50 Hz, R =20 Q, a = 60°. A single-

phase active hybrid filter (c@_sistinm shunt passive filter
and series APF using VSC with dc bus capacitor) connected in

series with ac mains is designed for this load compensation.

—_—

In a single-phase, phase controlled ac controller, the waveform
of the supply current (L) has a value of V/R from angle o to .
The peak load voltage is as, a

Vo= 230V2=325.27 V.
N~ /\
An ac load rms current is as,
.= Vi (V(2mK( T-a)#sin2u/2)]R = 10.315 A
Fundamental RMS load current
{;) = Ve (2 RV2)] (c0820-14{sin2a2( -] = 965 A

NPTEL
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T—

he displacement angle is as,

8; = tan""[(cos2a-1)/ {sin2a:+2( m-a)}] = 16.528" .
The fundamenta@i; power drawn by t@d is as,
PLy= Ve cos 8, = 2127.791 W. o
The fundamental reactive power drawn by the load is as,
Q1= Vil ssin 8,=631.412 VAR.
The RMS load voltage s s,
V= Vg [{1/(2m)K( -o)+sin2a/2}]%= 2063 V.
The Ioaui\[)ispﬁcm as,
DPF = cos 6, = cos16.528° =0.959,
PO load Distortion Eagr—is s,
o DF =1, =96510315=09%..
L e ———

(Refer Slide Time: 25:56)

The load Power factor is as, PF = DPF*DF = 0.897.

The AC mains current after the compensation ii;_;,

Is= I 1c0s 8, = Py4/Vs=2127.791/230 = 9.251 A.

The shunt passive filter has to ;meet the reactive power
requirement of the load for UPF at the ac mains, therefore, the

capacitor of the passive shunt filter must be selected to provide
this required reactiv er.

There the value of the capacitor is as,
C=Q/(Viw)= @412/(230”314) =37.993 pF.

Since there is only one branch in the passive shunt filter, which

must be tuned for lowest harmonic (3¢ order harmonic inEis
7~ Case) present in the load current as a damped filter to take care
#3 all the harmonics currents, therefore, this value of the capacitor
wiz s the element of this passive filter.
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Cy=C=37.993 pF.

The value of an inductor for high pass damped harmonic filter
(tuned at 3" harmonic) is as, —
Ly=1/ (w;2Cy) =MH.

The resistance in parallel of an inductor of a high pass damped
harmonic tuned fitter is s, o
Ry = Xy/Qy = 5*314729.631/(5*1000) = 5.585 Q. (Considering
Q= 5o lower losses in it as it may be in the range of 0.5-5
deperﬁing upon the attenuation required.). -

All other harmonics load currents to flow in to high pass
damped harmonic filter is as,

—

ly= V[ 12 1,2 = V(10.315% 9.65%) = 3644 A,
SRR

All higher order harmonics voltage at the load end and across
the passive filter is as,

(Refer Slide Time: 27:56)
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All higher order harmonics voltage at the load end and across
the passive filter is as,

V= 1Ry = 3.6445.585 = 20.350 V.

All harmonics voltages other than the fundamental voltage at
the load end and across the passive filter is as,

Vin=Vy=Iy'Ry= 2_0,3M

The v&tage?ating of the passive shunt filter is as,
Ve = V(V,24+V,,2) =V(2302+ 20.3502) = 230.899 V.
The current raﬁng of the passive filter is as,

loe = V( 1, 12) = V(10.3152- 9.2512) = 4. 563 A.

——

The VA ratirTg of the passive shunt filter is as,
Spr = Ve lpr = 230.899%4.563 = 1053.523 VA.

————
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The pu rating of the PF is as,

B
Sprpu = SprfS, = 1053.523/(230*10.315) = 0.444
Sprp, = 44.407% of the load rating.

The series active filter must inject this all harmonics voltages to
force all harmonics currents in to the passive filter. Therefore,
the voltage rating of the series active filter-is.as,

Var = Vi = V= 20.350 V.
7he current rgt—ing of the series ac’tile’ﬁlte/ris\as,
Iss = |;=Fundamental active power component of load current,
Is=1,4c0s 8,= P,/V,=2127.791/230 = 9.251 A,
—— L /’///
(Since, the series APF is connected in series with the ac mains
§ ;; before the passive shunt filter which is providing harmonics and
1) reactive power compensation resulting in at the ac mains).
MPTEL = .

(Refer Slide Time: 29:39)

I e |
The VA rating of the series APF/Iias

Spr = Vs e = 20.350° 9.251 = 188.258 VA.
The pu rating of the series APF is s,
Suer = SipelS, = 188258 /(230'10.316) = 0.079

Saprpu = 7.935% of the load rating.
- \\——\

S
1;&

NPTEL
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Q9. A three-phase VS| with quasi-square wave ac output line
voltage of 400 V rms at 50 Hz is feeding a critical load of 415
V, 50 Hz, three-phase, 40 kVA,aLLSngmg power factor. A
three- phase universal active power conditioner (UAPC is
consisting of series and shunt APFs using two VSCs with a
common bus capacitor as shown in Fig.) is designed for this

critical linear load—Calculate (a) the voltage rating of shunt
element of UAPC, (b) the current rating 6f§ﬁﬁf€?émr
UAPC, (c) t thMmg_Qf_shunLelement of UAPC, (d) tt ) the
voltage ratmg of series element of UAPC, (e) the currenuanng
of series element of UAPC, (f) the VA rating of series element of
UAPC to provide harmonics and reactive power compensation
for unity power factor at ac mains by shunt element of UAPC

and constant regulated sine wave voltage of a 415 V rms at 50

; Hz across the load by series element of UAPC.

Coming to the 9th numerical problem, a three phase voltage source inverter with quasi
sguare wave ac output line voltage of 400 volt rms at 50 hertz is feeding a critical load of
415 volt 50 hertz three phase 40 k VA 0.85 lagging power factor load. A three phase
universal active power conditioner | mean is design for this critical non-linear load
calculate the a voltage rating of the shunt element, current rating of shunt element, VA
rating of shunt element and the voltage rating of series element, current rating of series

element.

And the VA rating of series element of universal active power conditioner to provide
harmonics and reactive power compensation for unity power factor at ac main by shunt
element of the universal active power conditioner. And constant regulated sine wave
voltage of 415-volt rms at 50 hertz across the load by series element of universal active

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

(Refer Slide Time: 31:59)
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Solution: Given that, V = 400 V rms of quasi-square wave line

voltage, f = 50 Hz, a critical finear load of 40 kVA, 415V, 50 Hz
at 0.85 lag M s

The desired load phase voltage,

VLp 415n3 = 239 6 V of sine wave.

The magnltude of dc side voltage of supply side VSI i
estimated as,

Vi (VsLl\ (2/3)) 400/0 8165=489.89 V.
The load line current isas, as,
I,=1.,=40000/(3"239.6) = 55.648 A.
The actNe_Eower component of load line current is as,
I1a={S,"pfI(3"V,)}= 40000°0. 85/(3*239 6)=47. 301 A
f; The fundamentafcomponent of supply side line voltage is,
w V= (16'V,gm) = 0.779°489.89 = 381,972 V.
_




(Refer Slide Time: 33:04)

The fundamental component of supply phase voltage is as,
Vor Vg N3=220532V. =
The suppiy/cm compensation is as,
5,03 Vi) = 513914 :
The rating calculations for both the V§(§M.

(a) The voltage rating of shunt element of UAPC is Cc

load phase voltage of Vi, = 239.6 V, since it is connected across
the load of 239.6 V sine waveform. -

(b) The current rating of shunt element of UAPC is com@t&d;as_,
The shunt element of UAPC compensates for _the load reactive

power, hence the required reactive po nent shunt
,y) active filter current is estlmaws

U0 1= V(1 1) = V(55.648% 47.3012) = 29 315 A.
e s

N
MNPTEL
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The active power component of shunt APF current is estimated

as,
lgpa = Il 1 =(51.391 - 47.301) A= 4.09A.

The net current rating of shunt APF is estimated as,
li=V(lgps 2 2)=(4.09%+ 29.315%) = 29.599 A.

(c) The VA Tating of VSC of shunt APF isas,
Sq= 3“Vsh"l_sh = 3"239.6"29.599 VA = 21.276 kVA.

(d) The supply of quasi-square line voltage results in stepped

phase voltage.

The waveform of the phase voltage at the input of series active
filter is a stepped waveforms as (i) firs QM@
0" to(m3)}and a magnm ), (ii) second step of /3
angle {from (m/3) to (2m/3)} and a magnitude-of {2V,/3}, (iii)
7~ third step b of /3 angle {from (2m/3) to (m)} and a magnitude_of
Ok {Véglii} and it has both half cycles of symmetrlc segments of

WFTEL such steﬁs
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The voltage rating of series APF, Vi, is computed by taking the
difference of the supply phase voltage and required load sine
phase voltage at the input of linear load as,

r|(1»‘n){11j (239.§ﬁsine-163.29)2de+

Vo= | (239.625n0-32659Pd8+  =T1.15V

—

3
V T (239.62sinB-163.29)°d6)
2ni3

(e) The current rating of series APF is as,
le=l=BLIA
() The VArating of series connected APF is-as,
a Sge = 3Vl = 3°71.15* 51.391 VA = 10.969 kVA.

MPTEL S ==
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Q10. A three-phase active filter connected in series with ac

mains and a three branch shunt passive filter (PF) (5, 7 an and

high pass fil lter as , shown in Fig.) is used for harmonics current

and reactive power compensation in a three-phase 415 V. 50
Hz system to reduce the THD of supply current and to improve

the d|splacemenUactoHe—umty It has a load of three-phase

thyristor bridge converter operating a@"fﬂin’glidrawing

constant 150 A dc current. Calculate (a) the designed value of

passive filter components (b) Ilne current, (c) VA ratlng of

series APF.

>
'
*
NPTEL

Coming to the 10th problem, a three phase active power filter connected in series with
the ac mains and three phase and 3 branch passive shunt passive filter tune for 5th 7th
and high pass is use for harmonics current and reactive power compensation in three
phase 415 volt 50 hertz system to reduce the THD of supply current and to improve the
displacement factory unity. It has a load of three phase thyristor bridge converter
operating a 30-degree angle drawing a constant current of 150 ampere dc current,
calculate the a desired value of passive filter element b line current ¢ VA rating of series

active filter.
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The explanation of the numerical problem is described in the screenshots herein.
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Solution: Given that, a three-phase ac line voltage of 415 V
rms at 50 Hz is feeding a load of three-phase thyristor bridge
converter operating at 30° firing angle drawing constant 150A dc
current. A set of shunt.connected ac tuned passive filters for this
system is used to compensate the reactive power and 5, 7
harmonics and high pass damped filter to compensate all higher

order harmonics at tb%cmaim.

In this system, load current harmonics and reactive power
compensation are to be provided by the shunt passive ﬁltera\nd
a series active filter is used to force all harmonics currents
through this shﬂﬁgsive filter. ——

In three-phase thyristor bridge converter, the waveform of the
load current (1) is a quasi-square wave with the amplitude of dc
. S

link current (L).

®
»:u»m Therefore, I, = V (2/3) 14 = 0.81649*150= 122.47 A
2y ,
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Moreover, rms of fundamental component of quasi-square wave
load current is as,

iy ={(V6)fm}loc= 0.779"150 = 117.01A.
An active power component of supply current is as,
I 1= l4c0s 8; = ; cos @ = 117.01 cos30°= 101.33 A.

—

The fundamental active power of the load,
PL =3Vl 4a= 37239.6"101.33 = 72.836 kW.

—

The fundamental reactive power of the/lga_d,
Q =3V lsina= 3:239.6*117.01*0.5 =42.053 kVAR.

B
The passive shunt filter has nine branches (three for each phase
~ and nine for all three-phases). The total reactive power of 4
f; KVAR (required by thyristor rectifier) is to provide by all nine
"4 branches of the passive shunt filter.

(Refer Slide Time: 39:35)

Considering that all branches of the passive filter has equal
capacitors, therefore, the value of this capacitor is as,

C = Q/(9Vs2w) = 42053/(9*239.62*314) = 259.21 WF.

Therefore, C;=C,=Cy=C= 259.21 yF.

Therefore, the value of an inductor for 5 harmonic tuned filter is
,/’\—\
as,

Ls= 1/ (ws2Cs) = 1.565 mH.

S
“The resistance of the inductor of 5 harmonic tuned filter i§ as,
Rs=X5/Qs=2.547/20 = 0.123 Q. \

(Considering Q5 = 20 as it may be in the range of 10-100
depending upon the design of the inductor.).

f;; The value of an inductor of 7" harmonic tuned filter is as,

L=/ (wC;) =0.798 mH..
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The resistance of the inductor of 7! harmonic tuned filter is as,

= X;1Q; = 1.7655/20 = 0.088 Q. (Cons;denng Q;=20 as it
may be in the range e of 10-100 depel depending upon the design of the
inductor.).

The value of an inductor for high pass damped harmonic filter
(tuned at 11™ harmonic) is as,
/
Ly=1/ (w“ZCH) -0.32337 mH.
The resistance in parallel of an inductor of a high pass damped
harmonic tuned filter is as,
SMEEISC

Ry l‘:@Hﬂ 1169/2 = 0.558 Q. (Considering Q= 2 as it may
be in the range of 055 depending upon the atfenuation
required.). >

A three-phase thyristor rectifier with quasi-square ac mains
{3} current has the fundamental rms current as,
L § "w

NPTRL iii=| i:117.01 A. |
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The 5™ harmonic load current to flow in to 5" harmonic tuned
filter is as,

ly=lyys /5= 117.01/5 = 23 402 A.

The 5% harmonic voltage at the load end and across the passive
filter is as,

Vs=15'Rs = 23.402°0.122862 = 2875 V.

The 7t harmonic load current to flow in to 7t harmonic tuned
filter is as,

l;= 11/&/7 =117.01/7 =ﬂ2qA.

The 7™ harmonic voltage at the load end and across the passive
filter is as,

V;= 1R, =16. 72*0 088275=148V.

s
\ *9 All other harmonlcs load currents to flow in to high pass damped
weiee harmonic filter is as,
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= V[ s 1247 = V(122472417 01223 402216 722

l4y=21.92A.

= :
All higher order harmonics voltage at the load end and across
the passive ﬁlte,rls_ as,

Vy=14'Ry=21.9270.55845=12.24 V.

All harmonics voltages other than the fundamental voltage at the
load end and across the passive filter is as, -

V= (Ve V2 Vi) = 12,66 V.
The series active filter must inject this all h ics voltages to

force all harmonics currents in assive filter. Therefore,
the voltage rating of ghgyﬂasactiyew,

§9 Ve = Vi (V24U V,2) = 1266 V.

NPTEL o
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(e
(b) The line current after the compensation is at UPF as,

I 1a= 4 c0s 8; = I 4 cos a = 117.01 cos30°=101.33A.

(c) The current rating of the series active filter is as,

lsar = 1,42 =-101.33 A. (Since, the series APF is connected in
series with AC mains).

(d) The VArating of the s;ries APFisas,
Sapr = 3Vgurlsar =3*12.661w3 =3848.5 = 3.8485 kVA.

——e

The pu rating of the series APF is as.

Spu = SpprlS, = 3848.5/(3°239.6"122.47) = 0.0437 = 4.37 % of
the load rating. =,

i;&

MPTEL
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Q11. A three-phase, series active filter connected in sges
with a three branch shunt passive filter (PF) (59, 7" and high
pass filter as shown in Fig.) is used for harmonics current and
reactive power compensation in a three-phase 415 V, 50 Hz
system to reduce the THD of supply current and to improve
the displacement factor to unity. It has a load of a three-phase
thyristor bridge converter operating at 30° firing angle drawing
constant 50 A dc current. Calculate isz
passive filter @annts, (b) line current, (c) VA rating of
APi (d) ac inductor value of APF, and (e) its dc bus voltage
and (f) the dc bus capacitor value of APF. Consider
switching frequency of 10 kHz and dc bus voltage has to be
controlled within 5% range and ripple current in inductor is
10%. The turn’s rafio of the injection transformer is 1:10.

7 — — B e

Coming to the problem number 11. A three phase series active power filter connected in
series with a three branch shunt passive filter 5th 7th and high pass filter is used for
harmonic current and reactive power compensation in three phase 415 volt 50 hertz
system to reduce the THD of supply current and to improve the displacement factor to
unity it has a load of the three phase thyristor bridge converter operating at fire 30 degree

fire angle drawing a current of constant current of 50 ampere.

Calculate a, the design value of the passive shunt filter component, b line current, c VA
rating of series active filter, d ac inductor value of active power filter and e the dc link
voltage of series active filter and the f the dc bus capacitor value of APF consider the
switching frequency of 10 kilo hertz and dc link voltage have to be controlled within 5
percent of the range and ripple current of in the inductor 10 percent and turns ratio of

injection transformer is 1 to 10.
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The explanation of the numerical problem is described in the screenshots herein.
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Solution: Given that, a three-phase ac line voltage of 415 V rms
at 50 Hz is feeding a load of three-phase thyristor bridge
converter operating at 30° ﬁnng angle drawing constant 50 A dc
current. A three-phase, series active filter connected w@s
with a three branch shunt passive fitter (PF) (5%, 7™ and hlgh
pass filter) is used for harmonics current and reaMer
compensation in a three-phase 415 V. 50 Hz system to reduce
the THD of supply current and to improve the displacement
factor to unity. Consider the switching frequency of 10 kHz and
dc bus voltage has to be controlled within %wm@japgle
current in inductor is 10%. The tum’s ratio of the injection
transformer is 1:10.

—

In this system, load current harmonics and reactive power
compensation are to be provided by the shunt passive filter and
f") a series filter is used to such all harmonics currents through this
shunt passive filter. &

L ¥
5, %

NPTEL
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I |
In three-phase thyristor bridge converter, the waveform of the
load current (I,) is a quasi-square wave with the amplitude of dc

link current (1)

e

Thereforeum =0.816"50 =40.825A.

Moreover, the rms of fundamental component of quasi-square
wave,

I, ={(V6)/m}l,. = 38.985A—

Active power component of supply curren  supply current,

I 1= .4 c0s 8= ; cos a = 38.985¢c0s30°= 33.762 A.
Total harmonics and reactive mad current,
Iy = (1,2l +,2) =\(40.825%- 33.7622) = 22.953 A.
5 T s
7 The fundamental reactive power of the load,
mm Q =3V, "I ysin a=3239.6" 38.9850.5= w
e R e N—— —— R

(Refer Slide Time: 46:58)

The passive shunt filter has nine branches (three for each phase
and nine for all three-phases). The total reactive power of 14.011
kVAR required for the thyristor converter, which a passive shunt
filter has to provide by its all nine branches. Consid%@ﬁt all
branches of the passive filter has equal capacitors, therefore,
the value of this capacitor is as,
C = Q/(9V,2w) = 14011.173/(9*239.62*314) = 86.319 uF.
So, C;=C;=C,=C=86.319 yF.

S
Therefore, the value of an inductor for 5" harmonic tuned filter is
as,

— 2 —
Ls 1/(ﬁ Cs) =4.695 mH.
The resistance of the inductor of 5 harmonic tuned filter is as,
i R= &/{Q5 =0.369 Q. (Considering Qs= 20 as it may be in the
) range of 10-100 depending upon the design of the inductor)
HPTEL
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_
The value of an inductor of 7" harmonic tuned filter is as,
L;= 1/ (w?C;) = 2.395 mH.
The resistance of the inductor of 7™ harmonic tuned filter is as,

R; = X;/Q; = 0.263 Q. (Considering Qs = 20 as it may be in the
range of 10-100 depending upon the design of the inductor)
The value of an inductor for high pass damped harmonic filter
(tuned at 11 harmonic) is as,

L= 1/ (w;,2Cy) = 0.97 mH.

The resistance in parallel of an inductor of a high pass damped
harmonic tuned filter is as,

Ry = Xy/Qy = 3.35/2.5 = 1.341 Q. (Considering Qy = 2.5 as it
#~_ May be in the range of 0.5-5 depending upon the attenuation
{3 required)
NPTEL

A
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A three-phase thyristor rectifier with quasi-square ac input

current has the fundamental rms currentas,
— —

lirs = = {(V6)/m)l. = 38.985A.

The 5™ harmonic load current to flow in to 5™ harmonic tuned
filter is as,

ls=ly75 /5 = 38.985/5 =7.797
The 5 harmonic voltage at the load end and across the passive
filter is as,

Vs= IRy = 7.797°0.369 =2.877 V.

= et
The 7" harmonic load current to flow in to 7! harmonic tuned
filter is as, -

b= l1rs/7 = 3898577 = 5.569A,

‘\* The 7 harmonic voltage at the load end and across the passive
weTEL__filter is as
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EES=ST S s ser e T e we |
V;=1;"R;=5.569"0.263 = 1.465 V.

Al other harmonics load currents fo flow in to high pass damped
harmonic filter is as,

1y =V[ 12 L2 122-1,7] = \[40.825° - 38.9852- 7.7972- 5.5697]
l,=7419A. AR

R -
Al higher order harmonics voltage at the load end and across
the passive filter is as, '
Vy=14"Ry=7.419"1.341=9.949 V.
— —
All harmonics voltages other than the fundamental voltage at.

the load end and acros jjhe_pa&e filter is as,
Viy=\(Vi2 Ve vH )=1046 V.

#~  Ihe series active ftter must inject this all harmonics volta
(%3 force all harmonics currents in to the passive filter. Therefore,

WrTEL _the voltaﬂe ratlni of the series active filter is asi

(Refer Slide Time: 49:43)

Vgur = Vi = W(Vs2+V;2 V 2) = 1046 V.

(b) The line current after the compensétion is at UPF as,
l¢1a=ls1 cOS ;= | cos a = 38.985c0s30° = 33.762 A.
(c) Thé c[x;ént ratin§ of the series active filter is as,

S e
lsar = V(1> 145%) = 1(40.825% 33.7622) = 22.953 A. (Since, the
series APF is connected in series with the passive shunt filter).

The VA rating of the series APF is as,
Sppr= 3Vaarlopr = 3*10.422@0.25 VA.
The pu rating of the series APF is-as,

SAF,F/SL 720.25/(3*239.6*40.825) = 2.454 % of the load
ratlng =

?; (d) The ac inductor value of series APF i

weree L= No/NG{(V3 /2}mancaml(6af Aly)
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| S R S A
Ly={(v3)/2)*.8*369.817/(6*1.2*10000%0.1* 22.953/10)

L;=15.504 mH. -

(e) Th/e;\7S(3—side of an ac injected voltage is as,

Vir= Vaasr™No/N; = 10.46*10 = 104.6 V.

The dc bus Voltage tW’
Vigeapt = 212*Viyy/m,= 212*104.6/0.8 = 369.817 V .

— —_—
(f) The dc bus capacitance of an APF is computed from change
in stored energy during dynamics as. -

The change in stored energy during dynamics,
AE=" Cdc (Vdcapfz'vdaninapfz)=3*VSAF*ISAi At
AE=%Cy (369@172-351 326%) = 3*10.46* 22.953*10/1000
*; (Considering At=10mS) (V geringpe = (1-0.05)"Vigcapi)
wm G4 =1080.291 pF.
A |
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Q12. A three-phase universal active power conditioner (JAPC
consisting of shunt and series APFs using two VSCs with a
common bus capacitor as shown in Fig.) is designed for a
load of 415 V, 50 Hz thyristor bridge with constant dc current
of 150 A at 60% fiing angle of ts thyristors. If there is a voltage
fluctuations of +10% and —20% in supply system with base

value of 415 V. Calculate (a) W\
element of UAPC, (b} the current rating of shunt elements o
UAPC, (c] the VA rating of shunt element of UAPC, (d).the
voltage rating of series element of UAPC, (e) the current
rating of series elementeFUAPC, (f) the VA rating of sefies
element of UAPC to provide harmonic and reactive power
compensation for unity power factor at ac mains with constant
regulated sine wave voltage of 415V at 50 Hz across the load
;) by the series active fiter. =

Coming to the 12th numerical problem a three phase universal active power conditioner
consisting of shunt and series active filter using two voltage source converter with
common dc bus capacitor is design for a load of 415 volt 50 hertz thyristor converter.
Thyristor bridge with a constant dc current of 150 ampere, 60 degree fire angle of the
thyristor. If there is any voltage fluctuation of 10 percent minus 20 percent in the supply

system with the base value of 415 volt.



Calculate a the voltage rating of the shunt value shunt filter, current rating of shunt filter,
VA rating of shunt filter, then the voltage rating of series filter current rating of series
filter and the VA rating of series filter to provide the harmonics and reactive power
compensation for unity power factor at ac mains with the constant regulator sine wave

voltage of 415 volt 50 hertz across the load by the series active filter.
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The explanation of the numerical problem is described in the screenshots herein.
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Solution: Given that, Supply rms voltage/phase is, V, = 415/\3
=239.6 V, frequency of the supply, f = 50 Hz, a nonlinear load of
415V, 50 Hz thyristor bridge with constant dc current of 150 A at
60° firing angle of its thyristors. Thergmfﬁﬂﬁﬁm
+10% and -20% in supply system with base value of 475V,

Let X be the pu voltage variation and V' be the chgltage
under voltage variation. o

The per phase load voltage is, Vi, =V, \3=415/3=2396 V.

= R
In this system, load current harmonics andreactive power
compensation are to be provided by the shunt active filter of
UAPC. The voltage sag/swell compensation is provided by
series filter of UAPC. However, while compensating for sag/swell
an active power is circulated between series and shunt active
7~ filters as explained earlier in UPQC-P. Under maximum voltage
%99 sag, the maximum rating for both the VSCs are realized. The
weizL  various rating calculafions are as follows,
e s S sl ]
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The supply voltage undeﬂ@ﬂﬂ_um voltage sag is as,
V=V, (1 -X) = 239.6*(1-0. 2) 191 68 V.

In three-phase thyristor bndge converter the waveform of the
load line current (I,) is a quasi-square wave with the amplitude of
dc link current (1c).

Therefore, |, =V (2/3) I, = 0.81 1649"150=122.47 A.

Moreover, the rms of fundamental component of quasi-square
wave,

Iy ={(V6)/m } 1= 0.779*150 = 116 95 A.
An active power component of supply current ig as,
I 5= I4 cos 8;= | ; cos a=116.95*c0s60°=58.48 A
e ey
PO, The active power rating of load is estimated as,
PL= 3"V "l 1= 3239.6"58.48 = 42035.42 W.

ik
MPTEL 1a g i
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The supply current under voltage sag is estimated as
= PUOVg) = 42035421916 68=131A

Total harmomcs and reactive power component of load current is
estimated as, ’—\

I, =V~ qu) \(122.472-58.48%) = 10761 A.

(a) The voltage rating of shunt element of UAPC is equal to ac
load phasyo]lage_oﬂlsh;gﬁ%e since it is connected
across the load of 239.6 V sine waveform. The line voltage rating
for UAPC is v3*239.6 = 415 V.

(b) The current rating of shunt element of UAPC is computed as,

b
The shunt element of UAPC is to provide load current harmanics
and reactive power comieme the required harmonics
current and reactive power of the load it has to supply. Therefore,

{ % total harmonics and reactive power component of current through

wie.  shunt active filter is estimated as,

e . e e e W
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. e e e s
lgor = V(1,2 1,1,2) = V(122.472-58.482) = 107.51A.
The suﬁply fundamental voltage is lower as compared to the
required load voltage. Hence, shunt APF absorbs active power
and that active power is delivered back into the system via
series APF. The active power component of shunt active filter is
estimated as,
lgha= I;-Iya= (73.1-58.48) A= 14.62A.
The overall current rating of shunt active fiter is estimated as,
ler = V(I |2 = V(14.6224107.512) = 108 49 A.
The VArating of VSC of shuntAPF is as,
e T
S = 3V gy = 3°239.6*108.49 VA = 77989.45 VA.
D TEme— -

F O
HéTEL
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(c) The voltage rating of series element of UAPC is computed
as, -

There is a voltage fluctuation of +10% and -20% in supply
system with base value of 239.60V. Therefore, Mrieg APF
must inject the difference of these maximum of these/_tﬂo—
voltages to provide the required voltage at the load end.

The voltage rating of series APF,
Vige = 239.6%0.20 = 47.92V.
]

At
(e) The current rating of series element of UAPC is same as

supply current under sag compensation,
le=1=73.1A.

_ (f) The VArating of series element of UAPC is as,
L) G
:‘9 = %) %] = % % =
Y Se=3 ste/lse 3*47.92*73.1 VA =10508.85 VA.
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Q13. A three-phase universal active power conditioner (UAPC is
consisting of shunt and series APFs using two VSCs with @
common bus capacitor as shown in Fig) is designed for feeding
a critical load at 415 V, 50 Hz three-phase and consisting of a
three-phase diode bridge rectifier is drawing ac current at 0.92
displacement factor and THD of its ac current is 65 percent. It is
drawing 40 kW from ac source and crest factor is-2.5 of ac input
current. If there is a voltage fluctuations of +10% and -20% in
supply system with base value of 415 V. Calculate (a) the
voltage rating of shunt element of UAPC, (b) the current rating of
shunt eIe@nts%APC, (c}he VA rating of shunt element of
UAPC, (ci)_tbwltﬂe/@ting of series element of UAPC, (e) the
current rating of series element of UAPC, (f) the VA rating of
series element of UAPC to provide harmonic and reactive power

-~ compensationfor-unity_power factor at ac mains with constant

{3} regulated sine wave voltage of 415 V at 50 Hz across the load

uis by series active filter. -

B e e | |

Coming to 13th problem, a three phase universal active power conditioner consisting of
shunt and series active filter using two voltage source converter, the common dc bus
capacitor is design for feeding the critical load of 415 volt 50 hertz. Three phase and
consisting of three phase diode rectifier is drawing ac current at 0.9 to displacement
factor and THD of its current is 65 percent, it is drawing 40 kilowatt from the ac source
and crest factor is 2.5 of ac mains current. If there is a voltage fluctuations of plus 10

percent and minus 20 percent in the supply system with base value of 415 volt.

Calculate a voltage rating of shunt element of universal active power filter b, current
rating of the shunt element of universal active power filter ¢, the VA rating of shunt
active filter and voltage rating of series active filter current rating of series active filter
VA rating of series active filter to provide harmonics and reactive power compensation
for unity power factor at ac main and constant regulated sine wave 415 voltage 50 hertz

across the load by the series active filter.
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The explanation of the numerical problem is described in the screenshots herein.
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Solution: Given that, supply rms voltage, V., = 41513 = 2396

V, frequency of Medlml load at

415V, 50 Hz three-phase and consisting of a three-phase diode

bridge rectifier is drawing ac cune@gﬂlw
and THD of its ac current is 65 percent. It is drawing 40 kW

from ac source and crest factor is 2.5 of ac input current. There

is a voltage fluctuation of +10% and —20% in supply system

with base value of 415 V. The load phase voltage is to be

regulated to nominal supply voltage hence,

Vip= Vip=2396V." i

Let X be the pu voltage variation and V," be the PCC voltage

under voltage variation. =

. —//—\ . .

In this system, load current harmonics and reactive power
#~,_Ccompensation are to be provided by the shunt active filter of
i* UAPC. The voltage Eagfsweh_ccmpérfsatlon is provided by
wrreL series filter of UAPC.
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However, while compensating for sag/swell an active power is
circulated between series and shunt active filters as explained in
earlier chapter of UPQC. Under maximum voltage sag, the
maximum rating for both the VSCs are realized. The various
rating calculations are as follows,

The supply voltage under maximum voltaggs_ag is as,

Vg =V (1-X) = 239.6%(1-0.2) = 191.68 V.

The active power component of the load current is estimated as,
l.1a= P/(3"V],) = 40000/(3°239.6) = 55.648 A.

The fundamental current of the load is as,

I, = I 1/cos B,= 55.648/0.92 =60.487 A.

S

-~ The load rms current is as,
1’9 |, =1, {(1#THD?)2} = 60.487 *(1+0.652) = 72.142 A

MPTEL e
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Total harmonics and reactive power component of current,
I = V(1 &l 122) = V(721422 55lg48~2) =45911A.

The supply current undm as

Iy = Py/(3Vyy')= {40000/(3"191.68)} = 69.56 A.

—

(a) The voltage rating of shunt element of UAPC is equal to ac
load phase voltage of Vg, = 239.6 V since it is connected across
the load of 239.6 V sine waveform. -

s sl
(b)The current rating of shunt element of UAPC is computed as,

The shunt element of UAPC is to provide load current harmonics

and reactive power compensation, hence the required harmonics

current and reactive power of the load it has to supply.

Therefore, total harmonics and reactive power component of
f;; current througfﬁhﬁﬁfa_cﬁw

wime o™ V(o lye?) = V(72,1422 55.648%) = 45911 A




(Refer Slide Time: 61:14)

The supply fundamental voltage is lower as compared to the
required load voltage. Hence, shunt APF absorbs active power
and that active power is delivered backinto the system via series
APF. The active power component of shunt active filter is
estimated as, -

lgpa= Il 1a= (69.56 - 55.648) A= 13.912 A,
The c;verall current rating of iﬁ"ﬁw
len = V( lgpa2t |g2) = V(13.9122445.911 2) = 47 973 A,
(c) The VArating of VSC of shunt APF isas,
S = 3Vl = 3°239.6% 47.973 = 34.483 kVA.
o= -~ A PN
(d) The voltage rating of series element of UAPC is computed

as, e

(Refer Slide Time: 61:53)

There is a voltage fluctuation of +10% and -20% in supply
system with base value of 239.60 V. Therefore, the serie/sff’F
must inject the difference of these maximum of these two

voltages to provide the required voltage at the foad end.

The voltage rating of series APF,

———

Vie=239.6°0.20 = 47.92 V.

——

(e) The current rating of series element of UAPC is same as

supply current under sag compensation,
=1, =69.56A.

“The VA ratﬁl—g’of;ries element of UAPC is as,
Sse = 3Vige 'l = 3"47.92" 69.56 = 10 KVA.
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Q14. A three-phase VSI with quasi-square wave ac output line
voltage of 440 V rms at 50 Hz is feeding a critical 415 V (line),
50 Hz three-phase thyristor bridge with constant dc current of 50
A at 30° firing angle of its thyristors. A three-phase universal
active power conditioner (UAPC is consisting of shunt and series
APFs using two VSCs with a common bus capacitor as shown in
Fig.) is designed for this critical nonlinear load. Calculate (a) the
voltage rating of shunt element of UAPC, (b) the current rating of
shunt elements of UAPC, (c) the VA rating of shunt element of

UAPC, (d) the voltage rating of series element of UAPC, (e) the
current rating of Series element of UAPC, (f) the VA rating of
series element of UAPC to provide harmonics and reactive
power compensation for unity power factor at ac mains by shunt
element of UAPC and constant regulated sine wave voltage of a
o 415V ms at 50 Hz across the load by series element of UAPC.

_\*_ e

—

Well coming to the 14th numerical problem a three phase VSI with quasi square ac line
voltage of 440-volt rms and 50 hertz is feeding 415-volt line 50 hertz three phase
thyristor bridge with the constant dc current of 50 ampere at 30 degree fire angle of its
thyristor a three phase universal active power conditioner consisting of series and shunt

active filter the 2 VSC with the common dc bus capacitor is design for this critical load.

Calculate the voltage rating of shunt active filter the current rating of shunt active filter
VA rating of shunt active filter voltage rating of series active filter and current rating of
series element and VA rating of series active filter to provide the harmonics and reactive
power compensation for unity power factor ac mains by shunt element and constant

regulated sine wave voltage of 415 volt 50 hertz across the load by series element of UA.
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The explanation of the numerical problem is described in the screenshots herein.
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Solution: Given that, a three-phase VS| with quasi-square wave
ac output line voltage, V = 440 V rms at 50 Hz is feeding a
critical 415 V (line), 50 Hz three-phase thyristor bridge with
constant dc current of 50 A at 30° firing angle of its thyristors.

In this system, load current harmonics and reacive | power
compensation is provided by shunt active filter of UAPC-and
voltage regulation and its harmonics compensation is to be
provided by series @M@APC However for voltggg
regulation an active power is circulated in between the senes
and shunt active filters of UAPC.

The supply is a quasi-square line voltage of 440 V rms, the
amplitude of quas -square waveform is estimated as,

Ve = Vi "V3N2 = 440V312 = 538.89 V.

Moreover, the rms of fundamental component of quasi-square
S* supply voltage is,

P P A RIAY <

(Refer Slide Time: 65:02)




The fundament component of supply phase voltage Is as,
Vg1 = Vg 4\3=242.58 V.

However, the desired load phase voltage is, V= 41513 =
239.6 V sine wave. This voltage is applied across a critical
nonlinear load of 415 V (line), 50 Hz three-phase thyristor bnage
with constant dc current of 50 A at 30° firing angle of its
thyristors. In Mse thyristor bridge converter,—the
waveform of the load current (1) is a quasi-square wave with the
amplitude of dc link current ly.).

Therefore, |, = \(213) |y = 0.81649°50= 40.82 A.

Moreover, the rms of Tundamental component of quasi-square
wave,

. ={(VB)m}1,=0.779"50 = 38.98 A.
S e —— A
O Active power component of supply Cl{l’_ent
wit,  l1a=14C088;= I 1 cos a=38.98 cos30°=33.76 A.
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Total harmonics and reactive power component of load current

is estimated as, = =
Iy = V(1) = V(40.822:33.762) = 22.95 A

The ctive power consumed by the load is as,

PL= 3l lyy =32396°33.76 = 266 69W._

The supply current is estimated as,
{PL/(3*Vsp1 )} = {24266.69/(3*242.58)} = 33.34 A.
(a) The voltage rating of shunt element of UAPC is equal to ac

load voltage of Vg, = 239.6 V, since it is connected across »the
load of 239.6 V sine waveform. o

(b) The cum shunt element of UAPC is computed as,

The shunt active filter of UAPC facilitates harmonics and
#~ reactive power compensation. Therefore, total harmonics and
* reactive power component of current through shunt active filter
wrieL s estimated as,




(Refer Slide Time: 66:40)

I e ee— ]
Iy = V(1,21 1,2) =(40.83-33.762) = 22.94 A .

L =
The supply fundamental voltage is higher as compared to the
required load voltage. Hence, series APF absorbs active power
and that active power is delivered back into the Wﬂt
APF. The active power component of shunt active filter is
estimated as, il

liva = Is-lL1a= (3:_5;3,4'%/\ = 'O'QA'

The -ve sign for active power component denotes that the shunt
active filter supplies active power (absorbed by series
conditioner) into the system.

The overall current rating of shunt active filter is estimated as,
Iy = V( |gpg2+ |g2) = V(0.422422.942) = 23& A

g; (c) The VArating of VSC of shuw

wit O™ Vgl = 37239.6°22.94 VA = 16489.27 VA

(Refer Slide Time: 67:36)

(c) The voltage rating of series APF, Vi, is computed as follows,

The supply of quasi-square line voltage results in stepped phase
voltage. The series filter injects a voltage which is equal to
difference between the supply voltage and voltage at load
terminal.

The waﬁform of the phase voltage at the input of series active

filter is a stepped waveforms as (i) first step of 1/3 angle {from 0°

to (m3)} and a magnitude of (Vg4/3), (ii) second step of /3

angle {from (m/3) to (2m/3)} and a magnitude of {2V,,/3}, (iii)

third step of /3 angle {from (2m/3) to ()} and a magnitude of

{Ve4/3} and it has both half cycles of symmetric segments of
such steps.

The voltage rating of series APF, Vi, is computed by taking the
7, difference of the supply phase voltage and required load sine
{%3 phase voltage af the input of linear load as,

MPTEL
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’%1/‘17){’?’(179.63 - 239.62sin6)'d8+

Vi = | 1 (359.26 - 239. 6 25in9)2d9+ =7546 V
\, w — S

T (179.63 - 239.6\25inB)d8)

m3_—

(e) The current rating of series APF is as,

sl
le=1=33.34A.
Sl
(f) The VA rating of series connected APF is as

J’—_/,’————_J/
S, = 3*Vigly, = 375.46 *33.34 VA= T549 VA

S
&N
i
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Q15 In a three-phase VS| with stepped wave ac line voltage output
of 415 V rms at 50 Hz (quasi-square wave phase voltage), 4-wire
distribution system, three single-phase loads (connected between
phases and neutral) having a single-phase 230V, 50 Hz thyristor
bridge converter drawing equal 20 A constant dc current at 45° firing
angle of its thyristors. A three-phase universal active power
conditioner (UAPC is consisting of four leg VSC as shunt APF and
three leg VSC as series APF using with common bus capacn/Ls
designed for this “critical nonlinear load. Calculate (a) the voltage
rating of shunt element of UAPC, (b) the current ratlnwjhunt
elements of UAPC, (c) the VA ramgismntel\anentofUAPC
the voltage rating of senes element of UAPC, (e) the current rating
of series element of L UAPC (f) the VA rating of series element of
UAPC to provide harmonics and reactive power compensation for
unity power factor at ac mains and zero neutral current by shunt

#~_ element of UAPC and constant regulated sine wave voltage of a

¢

* 415 V (line) rms at-50 Hz across the load by series element of
wrieL_ UAPC.
=l s R s i |

Coming to the 5th problem 15th problem in the three phase voltage source inverter with
a stepped waveform of ac line voltage output of 415 volt 50 hertz quasi square wave.
Four wire distribution system three single phase load connected between phase and
neutral having a single phase 230 volt 50 hertz thyristor bridge converter drawing the 20

ampere, constant dc current at 45 degree fire angle of its thyristor.

A three phase universal active power conditioner consisting of 4 leg voltage source

converter as a shunt active filter and 3 leg voltage source converter as series active filter



using common dc bus capacitor is design for this critical non-linear load. Calculate a
voltage rating of shunt active element current rating of shunt active filter, VA rating of
shunt active filter.

The voltage rating of series active filter current rating of series active filter VA rating of
series active filter to provide harmonics and reactive power compensation for the unity
power factor at ac mains and zero neutral current by shunt element and constant

regulated sine wave voltage of the 415 volt at 50 hertz across the load by series element.
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The explanation of the numerical problem is described in the screenshots herein.
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Solution: Given that, a three-phase VS with stepped wave ac
line voltage output of 415 V rms at 50 Hz (quasi-square wave
phase voltage) is feeding a single-phase 230V, 50 Hz thyristor
bridge converter drawing equal 20 A constant dc current at 45°
firing angle of its thyristors in each of three phases.”

The supply is a stepped wave line voltage of 415 V rms, the
amplitude of dc side voltage of supply side VSl is estimategis,

Vg = Vg V2 = 4152 = 586.899 V.
The fundamental component—of supply side line voltage is,
Vi = (3'VgV2m) = 0675V, = 396.206V.
The fundamental componéﬁ{ of supply phase voltage is as,
Vot =Vy,N3= 228 801V.
9 In three-phase thynstor bridge converter,

MPTEL
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The ac load line current is, IL=-ZQA>

The fundamental active power component of load current is
estimated as, —

I 14= 1.4 cOsa=0. 9Idccoso 0.9"20*cos45° = 12.728 A.

Total harmomcs and reactive power component of load current
is estimated as,

I, = V(2 lm?) V(202-12.728%) = 15427 A.
The active power conm the load is as,
PL=3V, 4, = 3"230"12.728 = 8782. 266 W.

The supply current is estimated as,

—

l,=1{P L/(3"VS 1)} = {8782.266/(37228.801)} = 12.795 A.

:;ﬁ (a) The voltage rating of shunt element of UAPC is equal to ac
wres,  load voltage of V=230 V.




(Refer Slide Time: 72:31)

(b) The current rating of shunt element of UAPC is computed as,

The shunt active fiter of UAPC facilitates harmonics and
reactive power compensatlon Therefore, total harmonics and
reactive power component of current through shunt active  flter
is estimated as, —

lge = V(12 1,2)= V(20-12.728%) = 15.427 A

The active power component of shunt active filter is estimated

—————
as,

lga= sl 15 = (12,795 -12.728) A= 0,067 A.
The phase current rating of shunt active filter is estimated as,
lop=(ly2# 1?) = (0.0672+ 15.427%) = 15.427 A

The rms current of fourth leg of shunt active m

”9 lgn == 20A

NPTEL
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(c) The VA rating of VSC of shunt active filter is,

=3 Vep g + Vp s = 3230715.427+230°20 VA =15.245 kVA.
—_— — /_\
(d) The voltage rating of series APF, V, is computed as follows.
L e =

Three phase VS| will be operated in 120 conduction mode to get
stepped wave ac line voltage The s _lgggly_stggged wave ac line
voltage of V=415 V/ rms (the stepped waveforms wil be_asm
first step of 11/3 angle {from 0° to (m/3)} and a magnitude of
(Vsge), (ii) second step of m/3 angle-{from (1r/3) to (2n/)},and_a
magnitude of (VsdguJ (i) third step of /3 angle {from (2m/3) to
()} and a magnitude of (-Vy,/2) and it has both half cycles of
symmetric segments of such steps) will have an amplitude of
V4 = 12*415 = 586.89 V. Therefore, the supply stepped wave ac
l|ne voltage of amplitude V= 586.89 V results in quasi-square
#~_ Waveform of the phase voltage with the amplitude of

:;9 V.. /2229345,
NoieL a2 = 23345 V.
O ————




(Refer Slide Time: 74:02)

However, a phase shift may be considered for phase voltage to
coincide with the sine waveform of the load phase voltage V, =
e n p \9 L

The voltage rating of series conditioner is computed as,

=138.42V

T (293.45-23025in6)’d8 +
V.= [t} °
I (-2302sin6)d8 =

2ni3

(e) The current rating of series conditioner,

le=ls= 12795 A -
#~_(f) The kVArating of VSC of conditioner,
@ S = Vel = 31 38.4212.795 VA= 5313 kVA.
MPTEL SSU -
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SUMMARY

» A comprehensive study of HFs is presented to provide a wide
exposure on various issues of the HFs for power quality
improvement.

» A classification of HFs into nine categories with many circuits
in each category is expected to select an appropriate topology
for a particular application.

» These hybrid filters are considered as a better alternative for
power quality improvement due to reduced cost, simple design
and control and high reliability compared to other options of
power quality improvement.

» Some of the circuit configurations of HFs avoid the problems
involved in passive and active filters, and therefore provide

;) cost effective and better solution for harmonic elimination of
MF_E nonlinear loads.

With this we conclude this hybrid filter, we will like to summarize here

A comprehensive study of hybrid filters is presented to provide the wide exposure on
various issues of hybrid filter of for power quality improvement. A classification of
hybrid filter into nine category with many circuits in each categories are expected to

select an appropriate topology for the particular application.

These hybrid filter are considered as a better alternative for power quality improvement

due to reduce cost simple design and control and high reliability compared to other



option of power quality improvement. Since the circuit configuration of hybrid filter
avoid the problem of involved in passive and active filter and therefore, provide cost

effective and better solution for harmonic elimination of the non-linear load.
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SUMMARY

» An analytical study of various performance indices of HFs for
the compensation of sensitive nonlinear loads is made in
detail with several numerical examples to study the rating of
power filters and how it is affected with nature of various kinds
of nonlinear loads and supply conditions.

» HFs are observed one of best retrofit solution for mitigating the
power quality problems due to nonlinear loads for reducing the
pollution of ac mains.

» Due to large number of circuits of HFs, the user can select the
most appropriate topology with required features to suit for
specific application.

Any analytical study of various performance indices of hybrid filter for the compensation
of sensitive non-linear load is made in the in detail with several numerical examples to
study rating of power filters and how it is affected with the nature of various kind of non-

linear load and supply condition.

Hybrid filter are observed one of the best retrofit solution for mitigating the power
quality problem due to the non-linear load and for reducing the pollution in ac main. And
due to large number of circuits of hybrid filter user can select most appropriate topology

with required feature to suit specific application.
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