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

Module - 07
Lecture - 25
Active Series Power Filters (contd.)

Welcome to the course on Power Quality. We were discussing the numerical examples

on series active filter.

(Refer Slide Time: 00:28)

Q.11 A three-phase series active power filter (consisting
of VSC with ac series inductor, coupling transformer and
its dc bus connected to the battery functioning as the
load) is used in series with three-phase ac supply of 440
V, 50 Hz feeding three-phase diode bridge rectifier used
for charging a battery of 580 V at 60A average current to
reduce the harmonics in ac mans current and to
maintain almost UPF as shown in Fig. Calculate (a) rms
line voltage at the input of diode rectifier, (b) ac line
current, (c) rms current of the APF, (d) rms voltage
across the APF, and (e) VA rating of APF.
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Coming to example number 11, a three-phase series active filter of voltage source
converter with ac series inductor, coupling transformer and its dc bus connected to the
battery functioning as a load is used in series with the three-phase ac supply of 440 volt,
50 hertz feeding a three-phase diode bridge rectifier used for charging a battery of 580
volt at 60 ampere average current to reduce the harmonics in ac mains current and to

maintain almost unity power factor as shown in figure.

Calculate a, the line voltage at the input of diode rectifier a, b, ac line current ¢, rms
current of active power filter d, rms voltage across the active series active filter and the

VA rating of series active filter like.



(Refer Slide Time: 01:19)
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The explanation of the numerical problem is described in the screenshots herein.

(Refer Slide Time: 03:47)

Solution: Given that, supply voltage, V, = 4&/\/?5:231.’02;%
frequency of the supply ﬁﬂ Hz, vmd=@v, |4=60A.

The active power is as, P=Vy 14,=580"60 W=34800 W.

The supply current is as, @M@A

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 (Vygoad/3),
(if) second step of /3 angle {from (m/3) to (2m/3)} and a
magnitude of {2Vy0.4/3}, (iii) third step of /3 angle {from
_ (2m3) to (m)} and a magnitude of {V4,¢/3} and it has both

1\ ;9 half cycles of symmetric-segments of such steps.

NPTEL
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(a) 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,
VeV goa” (V2/V3)=473.57 V.

TFe?efore, meéﬁ V.

(b) The supply line current at unity power is as,
1s=34800/(3"254.03)=45.664A

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

l¢ =Ji={5,66AA

ZSinCe APF is connected in series with supply)

(Refer Slide Time: 06:48)
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(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
follgvls.

(1,s‘n){"é3(254J§sLne-19@33)2d6+

V= [T (254V2sin6-386.67/d8+  =81.4622V

W= -

| (254/2sn-193 33 de)

23

(e)The kVA rating of VSC of APF is as,
S=3"V{"1;=3"81.4622"45.664 VA= 11.16 kVA.

—_—
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Q.12 A three-phase series active power filter (consisting
of VSC with ac series inductor, coupling transformer
and its dc bus connected to the dc bus of the load) is
used in series with the three-phase ac supply of 415V,
50 Hz feeding’m_relf’p@dlode  rectifier with a parallel
dc capacitor at a load of 60A average current to reduce
the harmonics in ac mains current, to maintain UPF of
supply current and to regulate the dc bus voltage of the
load at almost constant 650V as shown in Fig.
Calculate La)/ﬁs line voltage at the input of diode
rectifier, (b) ac line current, (c) rms current of the APF,
(d) rms voltage aggs/s_tﬁe_ﬁ (e) VA rating of APF,
and (f) turns ratio of the coupling transformer.
i s i

Coming to the numerical problem 12, a three-phase series active power filter consisting
of voltage source converter with ac series inductor, coupling transformer and its dc bus
connected to the dc bus of the load is used in series with the three-phase supply of 415
volt, 50 hertz feeding a three-phase diode bridge rectifier with a parallel dc capacitor at a
load of 60 ampere average current to reduce the harmonics in ac mains current to
maintain unity power factor of supply current and to regulate the dc link voltage of the

load almost constant at 650 volt as shown in the figure.

Calculate a, rms line voltage at the input of diode bridge rectifier b, the ac line current c,
rms current of the active series filter d, the rms voltage across the series active filter e,
VA rating of the series active filter and f, the turns ratio of the coupling transformer is

used in series active filter.



(Refer Slide Time: 09:13)
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The explanation of the numerical problem is described in the screenshots herein.

(Refer Slide Time: 11:30)

Solution: Given that, supply voltage, V, = 415/3=239.6V,
frequency of supply =50 Hz, Vdc—650V |4=60A.

The active power, P-Vdcldc-650*60 W=39000 W.

e

The supply current is as, |= 39000/(3*239.6)'54.257A.

The sine_wave supply current after the compensation
results in continuous conduction of diodes of the thr three
phase diode rectifier (gach diode conducting for 180° )
and it results in the waveform of the phase voltage at the
input of dlodé‘(V;m) is a stepped waveforms as (i) first
step of /3 angle {from Q° to (m/3)} and a magnitude of
(Vge/3), (i) second step of /3 jggle {from (m/3) to (2m/3)}
and a magnitude of {2V,/3}, (i) third step p of /3 angle angle
@ {from (2m/3) to (m)} and a magnitude of {V/«l}_} and it has
\ both half cycles o cycles of symmetric segments of such steps.

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

The sine wave supply current after wﬁon
results in continuous conduction of diodes of the

rectifier (180°_) and it results in quasi squa@@
voltage at PCC with an amplitude of dc bus voltage,

Vmc=Vdcf@@EV- Therefore, V;,,,=530.72V.
(b) The supply line current at unity pglv,egﬁa’?
1:=39000/(3"239.6)=54.257A

(c) 'ﬁ;current rating of series APF is as,

1g=1:=54.257A

=2

(Since APF is connected in series with supply)

(Refer Slide Time: 13:14)
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(d)The rms voltage rating of series APF, V;is computed
by taking the difference of the supply phageIo.L@é

and phas oltage at the input of diode rectifier as

follows.
(1;’n){"é3(239.6x/§sin6-216.67)2d9+

—_—

V= 2?(23?&/§sin9433;§3)2d9+ 10527V

2_?/3(23‘9.6J§sine-216;37)%19}

(e)The kVA rating of VSC of APF is as,
S=3"V{1;=3*105.27*54.257 VA=17.135 kVA.
a1 -t

—




(Refer Slide Time: 15:31)

(e)The tumn’s ratio of the coupling transformer is
computed as follows.

The maximum ac voltage on ac side of VSC of APF
may be m,V,,/(2*42)=0.8650/(2*2)=183.85V

and on the supply side, it must be Vg, =V;.

The turn’s ratio of the coupllng transformer is as.
/————
sti/Nsume=1§3185/1<05,g7 =1 .746.

MNPTEL
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Q.13 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) is used to reduce the
harmonics in ac mains current and to maintain almost
UPF connected in the series of three-phase ac supply
of 415V, 50 Hz feeding a three-phase diode rectifier
with a capacitive filter of 10000 pF and resistive load of
20 ohms as shown in Fig. The dc e of the
load is decided to result in minimum injected voltage of
the APF. Calculate (a) rms voltage at the input of diode
rectifier, (b) line current, (c) VA rating of APF, (d) dc bus
voltage of the load, and (e) tums ratio of the coupling
. transformer. -

Coming to the 13" example, a series active power filter consisting of voltage source
converter with ac series network coupling transformer and it dc bus connected to dc bus
of the load is used to reduce the harmonics in ac mains current and to maintain almost
unity power factor connected in the series of the three-phase ac supply or 415 volt, 50
hertz feeding a three-phase diode rectifier with the capacitive filter of 10000 microfarad

and the resistive load of 20 ohm as shown in the figure.



DCc bus voltage of the load is decided to result in a minimum injected voltage of series
active filter. Calculate a, rms voltage at the input of diode rectifier b, the line current c,
the volt VA rating of the series active filter d, the dc link voltage of the load and e, the

turns ratio of coupling transformer.

(Refer Slide Time: 17:05)
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The explanation of the numerical problem is described in the screenshots herein.

(Refer Slide Time: 19:03)

Solution: Given that, supply voltage, V, =
41513=239.6V, frequency of the supply =50 Hz,
R4=20Q. T
If x@s is the dc bus voltage of the rectifier load,
then the injected voltage of the APF is as.

(1;n){“(_).-’3 (V,2sin6-x/3d6+

2‘I’f(VSJEs,ine-zxsa oo T (v, Zsine-x 3}
W= — Al

After integrating and taking deﬁmo ) X
it gives
X=(\20n)*(27/6)V=V =485.36 V.
; The dc load currentis as,
l4=Vso/R4,=485.36/20=24.268 A.

NPTEL




(Refer Slide Time: 20:42)
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The active power is as,
P=V,l,.=485.36"24.268 W=11778.747 W.
O T N s
The supply current is as,

| ;=11778.747 /(3*239.6)=16.39 A

The sine wave supply current after the compensation
results in continuous conduction of diodes of the three
phase diodeWr(eaclﬁTode conducting for_180° )
and it results in the waveform of the phase voltage at the
input of diode (Vyeepn) is @ stepped waveforms as (i) first
step of /3 angle {from 0°_to (/3)} and a magnitude of
(Vg/3), (i) second step of /3 angle {from (/3) to (2m/3)}
and a magnitude of {2V,/3}, (iii) third step ) of /3 angle
{from (2m/3) to ()} and a magnitude of {Vd(L} and if has
both half cy cycles of symmetric segments of such steps.

(Refer Slide Time: 22:03)
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(@) The rms line voltage at the input of diode rectlﬁer
is computed as follows.

The sine wave supply current after compensation
results in continuous conduction of diodes of the
rectifier ﬁfﬂ;) and it results in quasi square wavé:ac
voltage at PCC with an amplitude of dc bus voltage,
Voo™V "(V2/13)=396.29 V. Therefore, V,,,,=396.29 V.

(b) The supply line current at unity power is as,
1;=16.39A.

b ket
(c) The current rating of series APF is as,

1=1=16.39 A (Since APF is connected in series with

supply)




(Refer Slide Time: 22:52)

(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;*‘n){"f(§39.6&sine-,161.79)2de+

(239.6250-323.577dg+ =112V

I
3 S

/
T (239.61/2sin6-161.79)7d6)

23

V=

(e)The kVA rating of VSC of APF is as,
$=3Vy1=3"71.12 *16.39 VA=3.497 kVA.

(Refer Slide Time: 24:14)
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(e) The tumn’s ratio of the coupling transformer is
computed as follows.

The maximum ac voltage on ac side of VSC of APF
may be man@{(Z‘jZ)=0.8*4§5?36/(2*\/2)=137.28 V

and on the supply side, it must be Vsupmy=\(t.\
The turn’s ratio of the coupling transformer is as.
Nys/Nsupy=137.28 /71,12 =1.93.




(Refer Slide Time: 24:51)

Q.14 A series active power filter (consisting of VSC with
ac series inductor, coupling transformer and its dc bus
connected fo dc bus of the load) is used to reduce the
harmonics in ac mains current and to maintain almost
UPF in the series of three-phase ac supply of 400 V, 50
Hz feeding a three-phase diode rectifier with a capacitive
filter of 40000yF and resistive load of 10 ohms as shown
in Fig. If dc bus voltage of the load is to be maintained to
constant ripple free 600V, then calculate (a) rms_line
voltage at the input of diode rectifier, (b) ac line current,
(c) rms_current of the APF, (d) rms voltage across the
APF, (e) VA rating of APF, and (f) tumns ratio of the
coupling transformer,

Coming to the problem number 14, a series active power filter consisting of voltage
source converter with ac series inductor, coupling transformer and its dc connected to the
dc bus of the load is used to reduce the harmonics in ac mains current and to maintain the
almost unity power factor in series with the three-phases ac supply of 400 volt, 50 hertz
feeding a three-phase diode rectifier with the capacity filter of 40000 microfarad and

resistive load of 10 ampere as shown in the figure.

If the dc bus voltage of the load is to be maintained constant ripple free of 600 volt, then
calculate the rms line voltage at the input of diode rectifier, ac line current, rms current
of the series active filter, rms voltage across the series active filter, VA volt ampere

rating of the series active filter and the turns ratio of coupling transformer.



(Refer Slide Time: 25:45)
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The explanation of the numerical problem is described in the screenshots herein.

(Refer Slide Time: 27:06)

Solution: Given that, supply voltage, V, =_40_0M=230.94V,

frequency of the sugpllfi()/@;, Vdc=6/00_V, R4=10Q

The dc load current is as, l,,=V,;/Ry:=600/10=60A_

The active power is as, P-Vdcldc-600*60 W=36000 W.

The supply current is as, 1:=36000/(3"230.94 94) 51 96A.

The sine wave supply current after the compensatlon

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 (Vyecpn) is a,siejgped waveforms as (i) first step of

/3 angle {from O’HIB)} and-a magnitude of (V/3), (ii)

second step of T3 angle {from (m/3) to (2m3)} and_a

magnitude of {2V/3}, (iii) third step of /3 angle {from
{ * (2m/3) to (m)} and a ma /gmiude of M and it has both
w5, half cycles of symmetric segments of such steps.




(Refer Slide Time: 28:36)
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(a) The rms line voltage at the input of diode rectifier is

computed as follows. o

The sine wave supply current after compense@n

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,

vpoc=vddoad*(x@3)=489&v.

Therefore V.= 489.89V.

(b) The supply line current at unity power is as,
ls=1,=36000/(3230.94)=51.96A

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

1=1:=54-96A (Since APF is connected in series

" with supply)

(Refer Slide Time: 29:36)
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(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.

(13#11){"5)3(230.94/~L§§1n9-200)2d6+

V= [ 7230942504007 d+  ~926362V

e

T (230.94/2sin6-200)’d6}

mi3 —
o

(e)The kVA rating of VSC of APF is as,
S§=3"Vy'1;=3'92.6382 *51.96 VA=14.44 kVA.




(Refer Slide Time: 30:54)

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 m,V,./(2*V2)=0.8*600/(2*V2)=169.7 V

and on the supply side, it must be V5, =V;.

The turn’s ratio of the coupling transformer is.as.
NVS,/N lSupply 169.7/%6;82 =1.83.

(Refer Slide Time: 31:37)

Q15. A three-phase series active power filter (consisting
of VSC with ac series inductors, coupling transformers
and dc bus capacitor) is used in senewﬂht\h_eﬁge-
phase ac supply of 415 V, 50 Hz feeding a three phase
12-pulse diode rectifier (consisting of two parallel
connected 6-pulse diode bridge rectifiers with star/déﬁa
and delta/delta transformers to output equal line
voltages of 415 V) having a parallel dc capacitor filte It\
with 400 V dc at a load of 60A 60A average current to reduce
the harmonlcs in ac mains current, and to maintain UPF
of the supply current as shown in Fig. Calculate (a the
rms phase voltage a the input of 12-pulse diode rectifier,
(b) the ac line current, (c) the rms current of the APF, (d)
the rms voItage across the APF (e) the VAral rating of APF.
DS ek e

HIF TEL

Coming to the numerical problem 15, a three-phase series active power filter consisting
of voltage source converter with the ac series inductor, coupling transformer and dc bus
capacitor is used to in series with the three-phase ac supply of 415 volt, 50 hertz feeding
a three-phase 12 pulse diode rectifier consisting two parallel connected 6 pulse diode

bridge rectifier with the star delta.

And star and delta, delta transformer to output equal to the line voltage of 415 volt

having the parallel dc capacitors filter with 500 volt; 400 volt dc at the at a load of 60



volt average current sorry 60 ampere average current to reduce the harmonics in the ac
mains current and to maintain the unity power factor of supply current as shown in the
figure. Calculate a, the rms phase voltage at the input of 12 pulse diode rectifier b, the ac
line current c, the rms current of the active series filter and d, the rms voltage across the

active power filter, the VA rating of active power filter.

(Refer Slide Time: 32:41)
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The explanation of the numerical problem is described in the screenshots herein.

(Refer Slide Time: 34:12)

Solution: Given that, V, = 415/3=239.6V, =50 Hz,
V=400V, |,,=60A. S

The active power is as, P—Vdcldc—4w-24000 W.
The supply current is as, | —24000/(3*239 6) 33 389A.

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 12-pulse diode rectifier (V) is a stepped waveforms

as (i) first step of m/6 angle (from 0° to ) and a

magnitude of {V( (2W3-1Y}, (i) second step of /6 angle

(from /6 to T/3) and a magnitude of V(1 1/\/3)} (iii)

third step of T1/6 angle (from T/3 to T7/2) and a magnitude of

’99 {Vdc(1/\/3)} and it has all four symmetric segments of such
wriEL  steps.




(Refer Slide Time: 35:37)

Turn ratio of the transformers is calculated as follows.
3%411 =400 V. Vjpe o = 296.19 V.
Vlme pri _415_\/
Primary to secondary turn ratio of star/delta
transformer is as, I

N /N (415/\!3)/296 19=081.

s ' Vsd ™
Pn:nary to secondary tum ratio of delta/delta
transformer is as, N, /N, = (415)/296.19 = 1.4.
Hence the turn ratio 1.4 will be multiplied with each
step. -
(a) The rms phase voltage at the input of 12-pulse
‘;9 diode rectifier is computed as.

MPTEL

(Refer Slide Time: 36:15)
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Nt
5#/6(% - 1] de
= o
(b)The supply line current at unity power is as,
|;= 24000/(3239.6)=33.389 A.

(c) The current rating of series APF is as,
o, Ji=1=33.389A.

—

vV

pec.ph

3

—

t,;;;;ﬂ (d)The rms voitage rating of series APF




(Refer Slide Time: 37:12)

(239.6/2in8-86. Tfde+ | (239 eJEsune 236.8)do+
/

(23961 642sin6-323.6/d6+ | (239 62sind-236.8'd0 + =36V

23

V=

=

e
I
0.
2ni3
!
V (239. stsme 86.7)%d8

5\1:6

() The kVA rating of VSI of APF,
S=3"V;"1,:=3"36" 33.389 =3.606 kVA.

(Refer Slide Time: 38:11)
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VSC with ac series inductors, coupling transformers and dc

bus connected to the dc bus of the load) is used in series

with the_three-phase ac supply of 440 V, 50 Hz feeding a
three phase 12-pulse diode rectifier (con3|st|ng of two
parallel connected 6-pulse _diode bmh
star/delta and delta/delta transformers to output equal | line
voltages of 440V) having a parallel dc capacitor filter of
10000uF with a 20 ohms resistive load dc to reduce the
harmonics in ac_mains - mains curtent, and to maintain UPF_of
supply current as shown in Fig. If dc bus of the load is to be 1
maintained to € 650V, then calculate (a) the rms phase voIEge

at the input of 12-pulse diode rectifier, (b) the ac line current,

(c) the rms current of the APF, (d) the rms voltage across the

% APF, (e) the Vi\_ra/t@gMPF and (f) tums ratio of the
wees,  coupling transformer.

Coming to the 16 numerical problem, a three-phase series active power filter consisting

of voltage source converter with the ac series inductor, coupling transformer.

And dc bus connected to the dc link of the load is used in series with the three-phase ac
supply of 440 volt 50 hertz feeding a three-phase 12 pulse diode rectifier consisting of
two parallel connected 6 pulse diode bridge rectifier with the star delta and delta delta
transformer to the output to output equal to the line voltage of 440 volt having a parallel

dc capacitor of 10000 microfarad with the 20 ohm resistive load dc to reduce the



harmonics in the ac mains current and to maintain the unity power factor of the supply

current as shown in the figure.

If dc bus volt; dc bus of the load is to be regulated to 650 volt, then calculate the rms
phase voltage of 12 pulse diode rectifier, the ac line current and c, the rms current rating
of the series active filter d, the rms voltage rating of the series active filter and e, the VA

rating of series active filter and f, the turns ratio of the coupling transformer.

(Refer Slide Time: 39:22)
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The explanation of the numerical problem is described in the screenshots herein.

(Refer Slide Time: 40:18)

Solution: Given that, supply voltage, V, = 440/\3= 40/3=254V,

frequency of the supply =50 Hz, V=650V, RGC—ZOQ

The dc load current is as, ldE:GE)Q@O =325A.

The active power is as, P—Vdcldc—650*32 SW=21125 W.

The supply current is as, | -Zﬂ 25/_(32_4) 27 T2A.

The sine wave supply current after the compensatlon results

in continuous conduction of diodes of the three phase diode

rectifier (each diode conducting for 180° ) and it results in the

wavefonn_vﬁf)tfgphase voltage at the input of 1 2-pise‘a'6de

rectifier ( is a stepped waveforms as (i) first step of /6

angle (from 0°  to 11/6) and a magnitude of {Vdc(2/v3 D}, (i)

second step of Tr/&angle (from T1/6 to T/3) and a magnitude

of Vy(1- 1/\13)} (iii third step of T1/6 angle (from /3 to?lZ)
’;) and am M« 1/ﬂ and it has all four symmetnc

4 segments of such steps.

B e




(Refer Slide Time: 42:01)
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Turn ratio of the transformers is calculated as:
32V jpe sec/ T =650 V, Vi s = 481312,
VIine,pri =440 V.

Primary to secondary turn ratio of star/delta
transformer is as,

Nos/Ngs= (440/v3)/481.312 = 0.528.

Primary to gecondary turn ratio of delta/delta
transformer is as,

Noo/Ngq = (440)/481.312 = 0.914.

Hence the tum ratio 0.914 will be multiplied with each
step.

(a) The rms phase voltage at the input of 12-pulse
diode rectifier is computed as.

(Refer Slide Time: 42:42)

(2 YoM 1V 0. ]
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(b) The supply line current at unity power is.as,
|i= 21125/(3"254)=27.72A.

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

| =1=27.72A. (Since APF is connected in series
with supply.) T

o
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(e) The kVA rating of VSC ofAPF is as,
S= 3*Vf*l =3"38.2 22*27 72 VA= 3.18 kKVA.

(fiThe fum’s ratio of the coupling fransformer is computed
as follovgs

The maximum ac voltage on ac side of VSC of APF may be
m vdc/vz =0.8"6 Mws 85 V and on the supply side,
it must be Vo=V The turn's ratio of the coupling
transformer is as.

i Nio/Noopy=183.85/38.22=481.
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Q17. A three-phase series active power filter (consisting of
VSC with ac series inductors, and its dc bus connected to
the battery behaving as a load) is connected in series with
the three-phase ac supply of 415 V, 50 Hz feeding three
phase 12-pulse diode rectifier (consisting two parallel
connected 6-pulse diode bridge rectifiers with star/delta and
delta/delta transformer to output equal line voltages of 415 415V)
charging a battery of 500 V at 100A average_current as
shown in Fig. The series APF is employed to reduce the
harmonics in ac mains current and to maintain almost UPF of
the supply current. Calculate (a (a) the rms phase voltage at it the
input of 12- pulse diode rectifier, (b) the ac line cul current c)ime
rms current of the APF, (d) the rms voltage across ross the APF,
(e) the VA rating of APF (f) turns “ratio of the coupling
transformer.
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Coming to the numerical problem 17, a three-phase series active power filter consisting
of voltage source converter with ac series inductor and its dc bus connected to the battery
behaving as a load is connected in series with the three-phase ac supply of 415 volt, 50
hertz feeding a three-phase 12 pulse diode rectifier consisting of two parallel connected 6
pulse diode rectifier with star delta and its delta delta transformer to output equal line
voltage of 415 volt charging a battery of 500 volt at a 100 ampere average current dc

current as is shown in the figure.



Series active filter is employed to reduce the harmonics in ac mains current and to
maintain the almost unity power factor of the supply current. Calculate a, the rms phase
voltage at the input of 12 pulse diode rectifier b, the ac line current c, the ac the rms
current of a series active filter the d, rms voltage across the active filter e, the VA rating

of the active series active filter f, the turns ratio of the coupling transformer.
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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, = 4L5li3 2396V,
frequency of the suppIy =50 Hz, VdC-SOOV ldc—100A

The active power is as, PV, Vel 500*100 W=50000 W.
The supply current is as, | —50000/(3*239 6)=69.56A

The sine wave supply current after the compensation

results in continuous conduction of diodes of the_three

phase diode rectfier (each diode conducting for 180° ) and

it results in the waveform of the phase voltaggMut

of 12-pu|se diode rectifier (Vycn) is @ stepped waveforms

frﬂitgp of 1TI§ angle (from 0° to /6) and a

magnutude of M 1)}, (ii) second step of m/6 angle

(from /6 to m/3) and a magnltude of {Vdc(1 -1N3)}, (m)

third step of /6 angle (from /3 to /2) and a a magnitude of

;‘;9 {Vdc(1N3)} and |t has all four symmetric segments of such
méﬂ;:‘h Steps
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Turn ratio of the transformers is calculated as follows.
3V Ve sed = 500 V, Vipe sec = 370.24 V,

Vinepi =415 V.

Pfimary to secondary tur ratio of star/delta
transformer is as,

Nos/Ngs= (415v3)/370.24 = 0.647.

Primary to secondary turn ratio of delta/delta
transformer is as,

NPE/NSd = (4%4 = 1.12_1.

Hence the turn ratio 1.121 will be multiplied with each
step. ”
(a) The ms phase voltage at the input of 12-pulse
diode rectifier is computed as.

(Refer Slide Time: 48:57)
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(b) The supply line current at unity power s as,

1;=50000/(3*239.6)=69.56A.
(c) The current rating of series APF is as,

=236.87V
=S

3

|y =1,=69.56A. (Since APF is connected in series
with supply.) '
(d)The rms voltage rating of series APF
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(e) The kVA rating of VSC of APF is as,
S=3"V{'1;=3"36"69.56VA=7.5 KVA.

(f)The turn’s ratio of the coupling transformer is computed

as follows.

The @lmum ac voltage on ac side of VSC of APF may be
m,V,/(2/2)=0.8*500/(2*\2)= )=141.42 V and on the supply
side, "f’_‘st be Vg, =Vs. The tum’s ratio of the cou\hng
transformer is as.

* Nys/Noyggy, = 141.42136 = 392

HWE”
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Q18. In a three-phase, line voltage of 380 V, 50 Hz, 4-wire
distribution system, three single-phase loads (connected
between phases and neutral) having a set of single-phase
uncontrolled diode bridge converter, which has a RE load
with R=10 ohms, and E= -220V as shown in Fig. It is desired
to charge the battery E with with an average current of 15A.
Calculate (a) the supp_y_p@gcurrent If a three-phase
series active power filter (consisting of VSC with ac series
inductors, coupling transformers anM bus connected
to the dc bus capacitor) is connected in series wit
three-phase supply lines to maintain UPF at the ac mains, |
calculate (a )supply current, (b) the rms current of the APF,
(c) the rms L"'M of the rectifier, (d) the rms
’) voltage across the APF (e) the VA rating of APF and (f)
W‘m neutralﬁt—ant

_—

Coming to the problem number 18. In a three-phase line voltage of 380-volt, 50 hertz, 4
wire distribution system, three single phase loads connected between phase and neutral
having a set of single-phase uncontrolled diode bridge converter which have a RE load
of R equal to 10 ohm and E equal to 220 volt as shown in the figure. It is desired to

charge the battery E with the average current of 15 ampere.

Calculate the supply phase current if three-phase series active filter consisting of VSC

with series active inductor coupling transformer and dc bus connected dc bus capacitor is



connected in series with the three-phase supply lines to maintain unity power factor at ac

main. Calculate the a, supply current b, rms current of the act series active filter c, the

rms voltage of the input of rectifier and d, the rms voltage of the voltage across the series

active filter and e, the VA rating of the series again d, the neutral current.

(Refer Slide Time: 51:36)
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The explanation of the numerical problem is described in the screenshots herein.
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Solution: Given that, V5=380/\/3=219.39V, =50 Hz, a

load of R=10Q, E=220V and |,,.=15A.

Since a series active filter is used to make the supply

current  sinusoidal. The rms supply current

corresponding to average current of |, is as,

| =11l,./(22)=16.661A.

The active power is as,

P=3(I2R+E |,,) = 3(16.6612*10+15*220) =3*6075.83

P =18227.479 W.

The supply current is as, 1.=16.661A.

(a) The supply line current at unity power is as,
1;=16.661A.

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

: Ii = Ii=16.661A.
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(c) The rms voltage at the input of diode rectifier is
computed as.

Voo E2#(,RPA=275.969 V.
(d) The voltage rating of series APF, Vs as.

V=V - \/(1;"17)( (219.39"/Z5ing-220-166.610+ 23m0)2d6)

S

V.= \/(171) (52. 78*\2sin- 220/°de =174.004 V
i i
(e) The VArating of VSC of APF is as,
/SC ofAPF I
§=3"V{"1;=3"174.004 *16.661VA=8.697 KVA.
(f) Since all three-phase currents are sinusoidal and
; balanced,
o )E the neutral current of the supply is zero.
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Q19. In a three-phase, line voltage of 415 V, 50 Hz, 4-wire
distribution system, three single-phase loads (connected
between phases and neutral) having a set of single-phase
uncontrolled diode bndge converter, which have a RE load
with R=2 ohms, and a battery voltage E=264V as shown in
Fig. It is desired to charge the battery with average current
of 15A. If a three-phase series active power filter_(three
single phase VSC with ac series inductors, couphng
transformers and its dc bus _cor connected to the Dattery) is
connected in series with the thr three-phase supply hr;e\to
maintain UPF_at the ac mains, calculate (a) the ac line
current, (b) the rms current of the APF, (c) the Mse
voltage/ t the input of a diode rectifier, (d) the rms voltage
’) across the APF, () the VA ratlng of APF, and (f) turns ratio

”p of the coupling transformer.

IO o i it T e . A e T, |

Coming to the 19 problem, in a three-phase line voltage of 415 volt, 50 hertz, 4-wire
distribution system, three single-phase load connected between the phase and neutral
having a set of single phase uncontrolled diode bridge converter which have a RE load
equal to R equal to 2 ohm and battery voltage 264 as shown in the figure.

It is desired to charge the battery with the average current of 15 ampere. If the three-
phase series active power filter single phase voltage source converter with the ac series

inductor, coupling transformer and dc bus is connected to the battery is connected in



series with the three-phase supply line to maintain the unity power factor at ac mains.
Calculate a, ac line current b, the rms current of the APF c, the rms phase voltage at the
input of diode rectifier d, the rms voltage across the APF and the VA rating of APF and f

is the turns ratio of coupling transformer.

(Refer Slide Time: 55:48)

_— e e =]
% g
& S
& ) el
— BB -
\saomon | RERRR
(L 5, DOOCOUOOUUOION
GBBELLG .
N AR ae e a gl
> =
A By P oY
$ / A f 1
$ AQOO0 390000 A
A B 5 f'\/} "/
g KX
s
o s A~
%ﬁ) M w w w v
S Time (sec)

The explanation of the numerical problem is described in the screenshots herein.
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Solution: Given that, supply phase voltage,
V=415/3=239,6V, frequency of the supply, f=50 Hz, a
load of R=2Q, E=264V and |;.=15A.

Since a series active filter is used to make the supply
current sinusoidal in each phase. The rms §£ply
current corresponding to average current of |y, is as,
|=Trl4./(242)=16.66A. -
The active power is as, P= 3(I2R+E |,)
P= 3(16.662*2+15*264)= 3*4515 = 13545W.
(a) The rms supply line current at un]_t)T;)—(Jwer is as,
|;=16.66A.
;;9 (b) The rms current rating of series APF is as,
M;wh k =IS=1§‘_6§-A'
. |
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(c) The rms voltage at the input of diode rectifier is
computed as. -

me=\l{E2+(IsR)2}=266.09 V.
(d) The voltage"r% of series APF, Vs as.

V=V _ = J(1€‘*n)(g(g§9.6*visme - 264 - 33.32\25in6)’d0

f

V, = (1m)] (206.28"25in6-220)°d6 = 119.1164 V
0 119.1164 1

(e) The VA rating of VSC of APF is as,
S=§*VI*IS=3*1\1&E§4;J_,*16.66\M =5953.4 VA.

(Refer Slide Time: 58:32)

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

The maximum ac voltage on ac side of VSC of APF
may be

m,EN2=0.8"264/(212)=74.67 V
and on the supply side, it must be V

oo™ Ve
The turn’s ratio of the coupling transformer is as.
Nys/Ngyppy,=74.67/119.1164 =0.6268.

_—
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Q20. In a three-phase, line voltage of 380 V, 50 Hz, 4-wire
distribution system, three single-phase loads (connected
between phases and neutral) having a setWinglEpnase
uncontrolled diode bridge converter, which has a resistive
load with F\ﬂohms, and parallel capacitive filter of 1000
WF as shown in Fig. It is desired to maintain the dc bus
voltage at 200V. If a three-phase series active power filter
(three singe-phase VSC with ac series inductors, coupling
transformers and its dc bus connected to a dc capacitor) is
connected in series with the three-phase supply lines to
eliminate neutral current, and to maintain UPF at the ac
mains, calculate (a) the ac line current, (b) the rms current
of the APF, (c) the rms phase voltage at the input of a diode
’) rectifier, (d) the rms voltage across the APF, (e) the VA
A rating of APF, and (f) turns ratio of the coupling transformer.

Coming to the solved example of 20. In the three-phase line voltage of 380 volt, 50 hertz,
4-wire distribution system, three single-phase load connected between phase and neutral
having a set of single phase uncontrolled diode bridge converter which has a resistive
load R to 10 ohm and parallel capacitive filter of 1000 micro farad it is desired to

maintain dc bus voltage of 200 volt.

If the three-phase series active filter three single phase VSC with the ac series inductor,
coupling transformer and its dc bus connected to a capacitor is connected in series with
the three-phase supply line to eliminate neutral current and to maintain unity power

factor of the ac main.

Calculate a, the ac mains line current b, the rms current of the active filter c, is the rms
phase voltage at the input of diode rectifier and d, the rms voltage across the active
power filter and the VA rating of active filter, e and f is the turns ratio of coupling

transformer.
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The explanation of the numerical problem is described in the screenshots herein.
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Solution: Given that, supply phase voltage,
-380/\/3 219.39V, frequency of the supply, f-50 Hz,
a Ioad of R=100, Vi=200V.
The dc load current is as, 14,=200/10=20A.
Since a series active filter is used to make the supply
current sinusoidal in each phase. The rms supply
current correspondlng toitis as,
I -200*20/219 39=18.23A.~
The active power is asT_?a(Vdcldc) (200*20)
P =3*4000 =12000W.
(a) The rms supply Tine current at unity power is as,
1;=18.23A.
& (b) The rms current rating of series AF is as,
M;TEL |f =| =1§23A
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(c) 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 ampﬂtgde of dc bus vo_Itige, V=200 V.
Therefore, V=200 V.

(d) The voltage rating of series APF, Vs as follows.

V; = \/(1/71)3(21 9.39"/2sing-200)'d6 = 95.52 V

(e) The VArating of VSC of APF is as,
S=3V{1=3"{749.14=5.22 kVA.

S {' '

O] '

M;?Eﬂ.
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The turn's ratio of the coupling transformer is
computed as follows.

The maximum ac voltage on ac side of Vsm_PF
may be
mavdc/x/go.s*w%e.mv
éad on the supply side, it must be Vsupp,y‘fV{
The turn’s ratio of the coupling transformer is as.

Nys/Ngyppi,= 96.968/95.52= 0.592.

supply




(Refer Slide Time: 62:40)

I |
SUMMARY

» Series active power filters (APFs) are used to
compensate the voltage quality problems of the
supply system.

» They protect sensitive loads from interruptions,
which cause loss of production and mal-operation of
other critical equipment such as medical and
healthcare systems.

» The series active power filters (APFs) are also u\sed
to compensate the power quality problems of
harmonics currents of voltage fed types of nonlinear

49 loads by injecting the appropriate voltage to block

we.  the harmonics currents.

e —

Well, we will like to summarize. Now, the series active filter are used to compensate the
voltage quality problems of the supply system. They protect sensitive load from
interruption which causes loss of production and mal operation of the other critical
equipment such as medical and healthcare instrument, healthcare system and the series
active power filter also use to compensate the power quality problems of harmonic
currents of voltage fed kind of load of non-linear load by injecting the appropriate

voltage to block the harmonics current like which we have given many example.

(Refer Slide Time: 63:13)
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SUMMARY

» These series APFs offer best solution for voltage fed
nonlinear loads with moderate rating.

» The PWM based voltage source converters (VS e
preferred to realize series APFs because of low_cost,
reduced size, light in weight and reduced losses.

» An analytical study of various performance indices of
series APFs for the compensation of voltage based
power quality problems of different types of loads and
harmonics currents compensation of voltage fed types of
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

NPTEL
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And this series active filter offered the best solution for voltage fed non-linear load with
moderate rating. The PWM based voltage source inverters converters are used are
preferred to realize the series active power filter because of low cost, reduce size, light in
weight and reduce losses.

An analytical study of various performance indices of series active filters for
compensation of voltage based power quality problem of different types of load and the
harmonic current compensation of voltage fed kind of load is made in detail with the
several numerical examples to study the rating of power filters and how it is affect the

nature of various kind of non-linear load.

(Refer Slide Time: 63:51)

SUMMARY

» Series APFs are observed one of best retrofit
solution for mitigating the voltage quality problejns
across various types of loads and harmonics
currents of voltage fed type nonlinear Ioads\for
reducing the pollution of ac mains. N

b
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And series active filters are observed one of the best rate of it solution for mitigating
voltage power quality problem across various type of load and harmonic currents of

voltage fed kind of non-linear load for reducing the pollution of ac mains current.
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