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Lecture - 19
Passive Power Filters (contd.)
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Numerical Problems
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Welcome to the course on Power Quality and we were Passive Power Filter. We have
discussed the configuration design and limitations; we will now discuss the numerical

problems on passive filters.
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1. A single-phase diode bridge rectifier is supplied from
230 V, 50 Hz ac mains as shown in Fig. The load
resistance is R = 100 Q. (a) Design a capacitive filter
so that the ripple factor of the output voltage is less
than 5%. (b) With this value of the capacitor,
calculate the average load voltage V.
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Starting from first problem, a single phase diode bridge rectifier is supplied from 230
Volt, 50 Hertz ac mains as shown in the figure. The load resistance is of 100 Ohm.
Design a capacitive filter, so that ripple factor of output voltage is less than 5 percent.
With this value of the capacitor, calculate the average load voltage.

You have a circuit here which consist typically of diode rectifier and a capacitive filter
followed by the load.

(Refer Slide Time: 01:21)

Solution: Given that, supply rms voltage, V=230V,
frequency of the supply, f = 50 Hz, R = 100 Q, ripple
factor, RF = 5%.

The amplitude of ac mains voltage is as, V;, = 230* V2
=325.269 V.

(a) The ripple factor RF is defined as,
RF =V, Vy, =1{(4fRC,-1)V2}

The value of dc bus capacitor is as, Cy, =
{1+1/(RF2)}/(4fR) = 757.11 F.

(b) The mean dc bus voltage Vy is as, V= Vg
fa V/(4fRCy) = 303.78 V.

NPTEL
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The solution to the numerical is detailed in the screenshot.
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2. Asingle-phase diode bridge rectifier is supplied from
230V, 50 Hz ac mains as shown in Fig. The dc load
resistance is R = 30 Ohms and load inductance is L
= 10 mH. (a) Design a DC side LC (Inductive-
Capacitive) filter so that the ripple factor of the
output voltage is less than 10%.
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Coming to an example 2, a single phase diode bridge rectifier is supplied from 230 Volts,
50 Hertz, ac mains as shown in the figure here. The dc load resistance is of 30 Ohm and
the load inductance is your 10 milli Henry. Design a DC side LC field capacitive filter,

so that the ripple factor of the output voltage is less than 10 percent.
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Solution: The value of the filter capacitor is computed
as, e

{R2+ (2wL) &%= 10/2wCy) or

Cyo= 10/[4m f{R2+(2wL) 3% = 519.25 pF

The ripple factor RF is defined as,

RF = Vo/Vige = Vol [Viie{ (411 Lo Coc = 1],
V=2 VT,

Vo =4 V3T V2,

RF = (V2)/[3{(4 f)2Ly.Cq. - 1)] = 0.1

. ltresultsinas, (4 fP2LyCy-1=4.714 or Ly, =27.87
49 mH.

MPTEL

The solution to the numerical is detailed in the screenshot.
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3. Asingle-phase three branch shunt passive filter (PF)
(3¢ 5" and high pass filter) is employed to reduce
the THD of supply current and to improve the
displacement factor to unity, of a single-phase 230
V, 50 Hz fed diode bridge converter with an overlap
angle of 30° drawing 30 A constant dc current as
shown in Fig. Calculate (a) fundamental active
power drawn by the load, (b) fundamental reactive
power drawn by the load, (c) elements values of the
passive filter, (d) current and VA rating of the passive
filter.
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Now, coming to the 3rd numerical problem, in which we have designed the ac side filter.

A single phase three branch shunt passive filter consisting of 3rd, 5th and high pass filter



is used to reduce the total harmonic distortion of supply current and to improve the
displacement factor to unity of single phase 230 Volt, 50 Hertz fed diode bridge rectifier
with an overlap angle of 30 degree drawing 30 Ampere constant dc current as shown in
the figure. And calculate the fundamental active power drawn by the load, fundamental
reactive power drawn by the load, elements value of the passive filter, and current and

VA rating of the passive filter like.
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Here we have the circuit of total system; we have a diode rectifier with the load and we
have a typically the filter component.
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Solution: Given that, V, = 230 V, f = 50 Hz, 230 V,

50Hz ac supply with an overlap angle, p = 30°, dc link

current, I, = 30A.

In single-phase uncontrolled bridge converter with an

overlap angle, the waveform of the supply current (1)

is a trapezoidal wave with the amplitude of dc link

current (ly,). Since this trapezoidal wave of input

current is an odd and quarter cycle and half cycle
symmetry, the supply rms value of it is computed as.

Is=1, = [{1/(2m)} (Area of the total waveform)]

ul2 T-ul2
7 = (122 4[ @It ufd0+2 [ 1uc%d0
o frlernd]

The solution to the numerical is detailed in the screenshots.
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g
= | V[{/RmK(u3)+2(- )] = 0.94281%30
= 28.284A

The trapezoidal wave of input current is an odd and
quarter cycle and half cycle symmetry, the rms value of
nharmonic RMS Current, |, is computed as.

xl2

I =B /\2 {(8/27[)/]' f(0)sinnédo

ul2 T-ul2
/S,m{(s/zn)[j(zldco/ w)sinngdd+ | lacsinnedﬁﬂ
0 ul2 .

G s =l [(S‘Ee’ﬂynZ)sin(ny;’Z)} / 2
»;};»m (Since the trapezoidal wave will not have A )
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Therefore, the RMS of fundamental current is as,
I = gy = | J{8/(muN2))sin(u/2)] = 0.89* 1, =26.7A.
The active power component of supply current is as,
lg1a= 142 = lsscOSH/2 = 25.79 A
(a)The input active power is as,
P = V|, =V,lgicosp/2 = 230*25.79= 5931.75 W.
(b) The input reactive power is as,
Q; = V,lssinp/2 = 1589.408 VAR.
The mean output voltage is as,
 VF (N2/r) Vg (1+cosp) = 0.9V, (1+cosp)/2
9 =193.202V.

MPTEL
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The mean voltage is also as,
Ve = (27 2V 2wl )i
Therefore, the source inductance is estimated as,
L,=2.312mH.
Therefore, considering the source inductance as, L =
3 mH.
The source impedance is as,
Z,=jX,= jw Ls = 314*0.003 = j0.942 Q.
The voltage drop in the source impedance is as,
Vo= Z"4,=]25.79*0.942 =) 24.307 V.
- The fundamental voltage across the load,
*9 V= V(V&V,2)=228.712=230 V.

MPTEL
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The passive shunt filter has branch shunt passive filter

(PF) (34, 5 and high pass damped filter). The value of

this capacitor is as,

C = Q/(3Vs2w) = 1589.408/(3*2302*314) = 31.879 pF.
C;=C5=C,y=C=31.879 uF.

Therefore, the value of an inductor for 31 harmonic

tuned filter is as,

Ly =1/ (w42C5) = 35.314 mH.

The resistance of the inductor of 3™ harmonic tuned
filter is as,
R;=X,/Q;=0.666 Q. (Considering Q= 50)

#~  The 3 harmonic current in the load is as,
' ) |L3= I5o{B/(9mpV2)}sin(3u/2)] = 8.106 A.

MPTEL
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_______________________________J
The 3" harmonic current in the supply is as,
ls3= 115"Zpr3l(ZprstZa) = (IL3)RY/(RatiXs3)
= (8.106)* 0.666 /{0.6662+(3°0.942)} = 1.859 A.
The value of an inductor for 5" harmonic filter (tuned at
5t harmonic) is as, Ls = 1/ (ws2Cs) = 12.713 mH.
The resistance in parallel of an inductor of a 5"
harmonic tuned filter is as, Rs = X5/Q; = 0.399 Q.
(Considering Q3= 50)
The 5™ harmonic current in the load is as,
Iu5 = 1i[{8/(25mu2)}sin(5p/2)] = 3.986 A.
The 5 harmonic current in the supply is as,
{;9 lss= 115"Zprs/(ZprstZs) = (I15)Rs/(RetiXss)
=2 =(3.986) 0.399 1V{0.3992+(5"0.942)2} = 0.336 A.
R e R ——— i
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The value of an inductor for high pass damped
harmonic filter (tuned at 7" harmonic) is as,

Ly= 1/ (w;2Cy;) = 6.486 mH.

The resistance in parallel of an inductor of a high pass
damped harmonic tuned filter is as,
Ry=Xy/Qy = 14.264 Q. (Considering Qy= 1)

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

=V 12 12 52,2]=[28.2842-26.7(8.106 -
(3.986)4 =2.345 A.
 low= iy Zopd/(ZortZay) = (ly)RY/(Ry+Xgy)
";9 = (2.345)* 14.264 [{14.264 2+(7*0.9422) = 2.129A.
HhEL
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THD, = {‘j(|332+|_s§2+|S_H2)/|,s_13} = wffo

THDy, = [V{(Xalss?)*(Xsolss)* (Xguls Vel = 0.066 =
6.553%. -

lop = V[ - g lgles1 2] = 1.250A,

The VA rating of the passive shunt filter is as,
VApe = V,'lpr = 230*11.259= 2589.509 VA.

(* QIEEE
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4. A single-phase four branch shunt passive filter (PF)

(3, 50 7hand high pass filter) is used in a single-

phase 220 V, 50 Hz system to reduce the THD of

supply current and to improve the displacement

factor to unity. It has a load of thyristor bridge

converter operating at 60° fiing angle drawing

constant 25A dc current as shown in Fig. Calculate

(a) the value elements of the passive filter, (b) total

harmonic distortion of the supply current, (c) total

harmonic distortion of the terminal voltage at the

load end, (d) the current rating of the passive filter

and (e) its kVA rating to provide harmonic and

P o reactive power compensation. Let the supply has
r 5% source impedance mainly inductive.

NPTEL

Coming to example 4, a single phase four branch passive filter 3rd, 5th and 7th and high
pass filter is used to single phase 220 Volt, 50 Hertz system to reduce the THD of supply
current and to improve the displacement factor to unity. It has a load of thyristor bridge
converter operating at 60 degree firing angle drawing constant 25 Ampere dc current as
shown here. Calculate the value of elements of passive filter, the total harmonic
distortion of supply current, the total harmonic distortion of thermal voltage, load end,
and the current rating of the passive filter and e the kVA rating of kVVA rating to provide
harmonics and reactive power compensation. Let the supply has a 5 percent source

impedance mainly inductive.
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The solution to the numerical is detailed in the screenshots.
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Solution: Given that, supply voltage, V, = 220 V rms,
frequency of supply, f = 50 Hz, with a source
impedance of 5% mainly inductive feeding a nonlinear
load of 220 V, 50 Hz single-phase thyristor @ge
converter with constant dc current of 25 A at 60° firing
angle of its thyristors. T -

In this system, the load current harmonics and reactive
power compensation is provided by a single-phase
four branch shunt passive fiter (PF) (3¢, 5" 7" and
high pass damped filter) to reduce the THD of the
supply current and to improve the displacement factor
close to unity.

o~ e :
{;9 The ac load rms current is as, I, = 1,= 25 A.
M;??E{L ‘
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The fundamental rms input current of the thyristor
bridge converter is as, | = (2\2hm) |, =0.9%25 = 225A.
The fundamental active compo_ngnt of load current is as,
| 5= I, scosa = 0.91,c0860° = 11.25 A,

The fundamental active power of the load is as, P, =
V4l 4cos8; = Vg | sc0sa = Vgl 4, = 220%11.25 = 2475 W.
The fundamental reactive power of the load is as,
Q=V,4l,15inB; =Vl sina = 220*22.5* 866 = 4286.8
VAR.©

The source impedance is as, Z; = jX, = j0.05*220/25 =
j0.44 Q. o

T_h;/oltage drop in the source impedance is as, V, =
j11.2570.44 =495 V. '

(Refer Slide Time: 15:27)
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The fundamental voltage across the load is as, V| =
V2V, 2) =219.94=220 V.

The passive shunt filter has four branch shunt passive
filter (PF) (31, 5 7™ and high pass damped filter). The
reactive power of 4286.8 VAR required by single-phase
thyristor rectifier has to be provided by all four branches
of the passive shunt filter. Considering that all branches
of the passive filter has equal capacitors, therefore, the
value of this capacitor is as,

C=Qy/(4Vsw) = 425&8/(4*2202*314) =70.48 pF.
Th/erefore, t/he value of an inductor for 31 harmonic
tuned filter is as, -

Ly= 1/ (w2Cs) = 16 mH.
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The resistance of the inductor of 31 harmonrig tuned
filter is as, '

R3=X4/Q3=15.072/50 = 0.301 Q. (Considering Q; = 50
as it may be in nthe ra range wmng upon  the
design of the inductor).

The 3 harmonic current in the supply is as,

ls3= 115"Zpey/(ZprstZsa) = (IL4/3)Ry/(RytiXsa) = (22.5/3)*
0301N{0 3012+(3°0.44)% = 1.667 A.

The 3 harmonic voltage at PCC is as,
V3= l3"Z3 = 1.667 *3°0.44 = 2.2016 V.

Therefore, the value of an inductor for 5% harmonic
7~ tuned filter is as,
8 L5 =1/ w52C5) 58 mH

NPTEL
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The resistance of the inductor of 55! harmonlc tuned

filter is as,

Rs= X5/Q; = 8.949/50 = 0.1806 Q. (Considering Q;= 50
as it may be in the range of 10-100 depending upon the
design of the inductor).

The 5™ harmonic current in the supply is as,

ls5= li5"Zprs/(ZprstZss) = (laat/9)Rs/(Rs*Xs5)=(22.5/5)"
0.1806/{0.18062+(5°0.44)%) = 0.3683 A

The 5% harmonic voltage agEQ% as,

V5= li5Zs5= 0.3683"5°0.44 = 0.81 V.

Therefore, the value of an inductor for 7! harmonic
7~ tuned filter is as,

) L7— 1/__/12C7) 2 9 mH.
_
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The resistance of the inductor of 7" harmonic tuned
filter is as, -
R,= X7IQ7 6.37/50 = 0.129 Q. (Considering Q; = 50
as it may be in the r range of 10-100 depending upon on the
design of the inductor).
The 7™ harmonic current in the supply is as,
ls7 = 17"Zperl (ZorrtLsg) = (I4/T)R7(RyiXg7) = (22.5/7)*
0 129/?{0 129%+(7*0.44)3 = 0.134 A,
The 7™ harmonic voltage at PCC is as,
Vg =lg'Zg= 0.1_34/**_@4&0.41&1/.
The value of an inductor for high pass damped

. harmonic filter (tuned at 9™ harmonic) is as,

?9 Ly=1/ (we?Cy) = 1.8 mH.

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

Ry=Xy/Qy=5. 08/2 2.508 Q. (Considering Q=2 as
it may be in the range of 0.5-5 depending upon the
attenuation required)

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

Iy = V1> T 1215217 = \[25%-22.5%-(22.503)-
(22.5/5-(22.577] = 5.649A.

I = oy Zorrl( ZPFH+ZsH (IHIR(Ry+iXg) = (5.649)°
2. 508/‘j{2 5082+(9*0.44)% = 3 0237 A.

The high pass harmonic voltage atPCCis as,
’9 Vi = I3y = 3.0237*9°0.44 = 11.97 V.

NPTEL
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THD, = V(1212 A ) = 0.31 = 30.89%

THDy, = [W{(Xggla2+ (Xeslss2 +(Xrlsr2 +(Xlsi)IV 1] =
0055 =555%.

The current rating of the passive shunt filter is as,

lop = V[ 1,2 14,2 |21, 2] = 22.054 A,
/The VA raﬁng of the pgssive shunt Elﬁar—ls\ as,

VApe = Vpe'lpe = 220°22.0548 = 4851.9 VA.

A

¥ o
®
NPTEL
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5. A three-phase diode bridge rectifier is supplied from
415V, 50 Hz ac mains as shown in Fig. The load
resistance is R = 20 Ohms. (a) Design a dc bus
parallel capacitive filter so that the ripple factor of the
output voltage is less than 5%, (b) with this value of
capacitor, calculate the average load voltage V..
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Coming to the fifth example, a three phase diode bridge rectifier is supplied from 415
Volt, 50 hertz ac mains as shown in the figure below and load resistance is R equal to 20
Ohm. Designed a dc bus parallel capacitive filter, so that the ripple filter of the output

voltage is less than 5 percent And with this value capacitor, calculate the average voltage
dc.
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Solution: Given that, V=415V, f =50 Hz, R = 20 Q,
RF = 5%.

The amplitude of ac mains voltage is as, V,, = 415*
V2=586.899 V.

(a) The dc bus capacitance for a given ripple factor, RF
in a 3-phase diode bridge rectifier is defined as,

Cyo = {1(12R)H(1+1/(RFV2)} = 1261.845 yF.

(b) The average load voltage V,, is estimated as,

0

UF V= Vo Ver/(12IRC,,) = 548.139 V.
NPTEL

The solution to the numerical is detailed in the screenshots.
(Refer Slide Time: 20:32)

6. A three-phase diode bridge rectifier is supplied from
415V, 50 Hz ac mains as shown in Fig. The dc load
resistance is R = 10 Ohms and the load inductance is
10mH. Design a DC side LC (Inductive- Capacitive)
filter so that the ripple factor of the output voltage is
less than 10%.

500
0
-500
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Solution: Given that, supply rms voltage, V, = 415V,
frequency of supply, f =50 Hz, R =10 Q, L = 10 mH,
Ripple Factor, RF = 10%.

The value of the filter capacitor is computed as,

{R2+(6wL) 2% = 10/(6wCy,) or Cg, = 10/121 f{R2+(BwL)
2] = 248,63 F.

The ripple factor RF is estimated as,
RF = VacN = V6h/ [Vdc{(1 2m f)zl-chdc'1 }]
RF = 2/[35{(12mf)2L4Cqc-1}] = 0.1
It results in as,
%) (12mf)2L 4, Cye-1= 0.57 or Ly, = 1.8 mH.

NPTEL
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7. Athree-phase three branch shunt passive filter ( tuned
5t 7 and high pass) is employed to reduce the THD
of supply current and to improve the displacement
factor to unity for a three-phase 415 V, 50 Hz fed 6-
pulse thyristor bridge converter drawing 100 A
constant dc current at 30° firing angle of its thyristors
as shown in Fig. Calculate (a) fundamental active
power drawn by the load, (b) fundamental reactive
power drawn by the load, (c) values of filter elements,
(d) THD of supply current, and (e) THD of load
voltage, (f) the voltage, current and VA rating of the
passive filter. Let the supply has 5% source

j;) impedance mainly inductive.

B
WPTEL
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Solution: Given that, supply voltage, V, = 41513 =
239.6 V s, frequency of supply, f = 50 Hz, with a
source impedance of 5% mainly inductive feeding a
nonlinear load of 415 V, 50 Hz three-phase thyristor
bridge converter with constant dc current of 100 A at
30° firing angle of its thyristors.

In this system, the load current harmonics and reactive
power compensation is provided by a three-phase
three branch shunt passive filter (PF) (5%, 7" and high
pass damped filter) to reduce the THD of the supply
current and to improve the displacement factor close to
unity.

% The ac load rms current is as, |, = 1,,/2/¥3 = 81.65A.

NPTEL
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The fundamental rms input current of thyristor bridge
converter is as, |, = (V6/m) |, = 0.7797*100 =77.98 A.

The fundamental active component of load current is
as, | 1,= l1cosa = 77.98cos30° = 67.52 A.

The fundamental active power of the load is as, P, =
3Vg4 14 cosBy = 3Vl scosa = 3*239.6"67.52 =
48536.05 W.

The fundamental reactive power of the load is as, Q; =
3V 14 sinB; = 3V I sina = 3*239.6*77.98*0.5

=28026.01 VAR.

#~ The source impedance is as, Z; = jX;= §0.05*239.6/81.6
(%) =jo.1e80

NPTEL
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The voltage drop in the source impedance is as, V,=
j67.52*0.1468 = j9.91 V.

The fundamental voltage across the load is as, V| =
V(V&V,2)=239.17=239.2 V.

The passive shunt filter has three branch shunt passive
filter (PF) (5%, 7" and high pass damped filter). The
reactive power of 28026.01 VAR required by three-
phase thyristor rectifier has to be provided by all nie
branches of the passive shunt filter. Considering that all
branches of the passive filter has equal capacitors,
therefore, the value of this capacitor is as,

2y C=QUOVsw) = 28026.01/(0°230.6314) 17275 F.
w2 Cs=Cy=Cy=C=172.75 F
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4
Therefore, the value of an inductor for 5¢ harmonic
tuned filter is as,

Ls= 1/ (ws2Cs) = 2.35 mH.

The resistance of the inductor of 5 harmonic tuned

fiter is as,

Rs = X5/Q5= 3.687/30 = 0.1229 Q. (Considering Q5= 30

as it may be in the range of 10-100 depending upon the

design of the inductor)

The 5 harmonic current in the supply is as,

ls5= l5"Zprs/(ZprstLss) = (I4/5)Rs/(Rs+iXss) =

(77.98/5)* 0.12291{0.1229%+(5*0.1468)2} = 2.5765A.
o The 5™ harmonic voltage at PCC is as,

vt Vo= |5 Z.c= 2.5765%5%0.1468 = 1.89 V.
A

(Refer Slide Time: 26:58)

| he value o! an inductor !or ngﬁ pass aampea

harmonic filter (tuned at 11" harmonic) is as,
Ly =1/ (w;2Cy) = 0.4852 mH.
The resistance in parallel of an inductor of a high pass
damped harmonic tuned filter is as,
Ry =Xy/Qy=1.676/2 = 0.835 Q. (Considering Q=5 as
it may be in the range of 0.5-5 depending upon the
attenuation required).
All other harmonics load currents to flow in to high pass
damped harmonic filter is as,
|y = V[ 1,2 1% 1217 = \[81.652-77.98%(77.98/5)%

_ (77.98/7)2] =218.51 = 14.78 A.

8 ls1= " Zorl (ZpritZen) = (LR (RytiXs) = (14.78)°

NFTEL 0.835/\1‘0.835“‘11*0.1468ﬁ = 6.837 A,
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The high pass harmonic voltage at PCC is as,
Vi = 442y, =6.837*11*0.1468 = 11.035 V.

THD, = {V(l 2+l 2+l 21} = 0.1091 = 10.91%.
THDy, = [{(Xeslsa2* (Xerlsr P+ (Xstlsp)H V] = 4.69%.
The current rating of the passive shunt filter is as,
log = [ |- 1122121 2] = 45.309 A,

The VA rating of the passive shunt filter is as,

VApr = 3Vpe*loe = 3¥239.6*45.309 = 32568 VA.

7N
]

NPTEL
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8. Athree-phase one branch shunt passive filter (11 order high
pass damped filter) is employed to reduce the THD of supply
current and to improve the displacement factor to unity of a
three-phase 415 V, 50 Hz, nonlinear load consisting of a 12-
pulse thyristor bridge converter with 200 A constant dc current at
30° firing angle of its thyristors as shown in Fig. This converter
consists of an ideal transformer with single primary star
connected winding and two secondary windings connected in
star and delta with same line voltages to provide 30° phase
shift between two sets of three-phase output voltages. Two 6-
pulse thyristors bridges are connected in series to form this 12-
pulse ac-dc converter. Calculate (a) fundamental active power
drawn by the load, (b) fundamental reactive power drawn by the
load, (c) values of filter elements, (d) THD of supply current with

. the passive filter, and (e) THD of load voltage with the passive

{5} fiter, (f) the voltage, current and VA rating of the passive filter.

wit,  Letthe supply has 5% source impedance mainly inductive.

Now, coming to the 8th numerical problem, a three phase one branch shunt passive filter
11th order high pass damped filter is employed to reduce the THD of the supply current
and to improve the displacement factor to unity of three phase 415 Volt, 50 Hertz, non-
linear load consisting of 12 pulse thyristor converter the 200 Ampere constant dc current
at 30 degree firing angle of its thyristor as shown in figure. And the converter consists of
ideal transformer with single primary star connected winding and two secondary winding
connected in star and delta with same line voltage to provide 30 degree phase shift
between the two sets of three phase output voltage. The two 6 pulse thyristor bridges are



connected in series to form this 12 pulse ac dc converter. Calculate a fundamental active
power drawn by the load, fundamental reactive power drawn by the load, value of filter
elements, total harmonic distortion of supply current with the passive filter, the total
harmonic distortion of voltage with passive filter, voltage, current and VA rating of the
passive filter.

Let the supply has a 5 percent source impedance mainly inductive.

(Refer Slide Time: 29:49)
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The solution to the numerical is detailed in the screenshots.

(Refer Slide Time: 30:23)

Solution: Given that, V = 415/53 =239.6 V, Frequency

of the supply, f =50 Hz, |, = 200 A, a = 30°.

In three-phase 12-pulse thyristor bridge converter, the
waveform of the input ac current (I,) is a stepped
waveforms as (i) first step of m/6 angle {from a to
(a+m/6)} and input current magnitude of (IGCNS), (ii)
second step of /6 angle {from (a+1/6) to (a+m/3)} and
input current magnitude of {Idc(1+1/\/3)}, (iii) third step of
/6 angle {from (a+m/3) to (a+m/2)} and input current
magnitude of {Idc(1+2/\/3)} and it has all four symmetric
segments of such steps.

. Therefore, rms of 12-pulse converter input current is as,

() 1, =157738, = 31547

NPTEL
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Moreover, the rms of 12-pulse converter fundamental
ac current is as,

Iy, = {(26)/m}l, = 1.559393|
Active power component of Supply current is as,

l,= 1 cos 6,=1 8050

|s1a = 30°= @
(a)The active power drawn by the load is as,
P =3V, cosB, = 194.145 kW.

s'st
(b) The fundamental reactive power is as,

Q, = 3V, sind, = 3V,|,,sinc = 112.089 KVAR.
~—

s'st
The source impedance is as,

- Z,=X;=]0.05"239.6/ 315.47 = 0.0380Q.
* The voltage drop in the source impedance is as,

NPTEL - * -
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I |
The fundamental voltage across the load is as,
V= V(V2-V,2) =239.38=239.6 V.
(c) The passive shunt filter has one branch shunt
passive filter (PF) (11 order high pass damped filter).
The value of this capacitor is as,
C =Q,/(3V2w)=112089/(3239.62314) =2071.659 pF.
C,= C = 2071.659 uF e
The value of an inductor for high pass damped
harmonic filter (tuned at 11™ harmonic) is as,
L,,=1/ (w,,’C,)) = 0.040 mH.
The resistance in paraltef of an inductor of a high pass
f) damped harmonic tuned filter is as, .
= Ry=X/Q,=0.07 Q. (Considering Q= 2)
(e e e e e WY
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All other harmonics load currents to flow in to high
pass damped harmonic filter is as,
|y = V[ 12 1 8= V[315.47% 311.8792) = 47 464 A,
I = 1y Zoel (ZomyitZgp) = (1LRY(R X )
= (47.464)* 0.07 /{0.07 2+(11*0.038)%} = 7.839 A.

The high pass harmonic voltage at PCC is as,
V=142, =7.839 *110.038 = 3.277 V

THD, = {V(Ig:2)l;,} = 0.029 = 2.902%.

,39 THD,, = [V(X 2V, ] = 014 = 1.368%.

NPTEL
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The current rating of the passive shunt filter is as,
lpe = \[ | 2- |12 -l 7] = 162.815 A,

The VA rating of the passive shunt filter is as,
VAo = Ve o = 3Vl
= 3"239.6" 162.815 = 117.031 kVA.
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9. A three-phase three branch shunt passive filter (tuned 11th,

13th and high pass) is employed to reduce the THD of supply

current and to improve the displacement factor to unity of a

three-phase 415 V, 50 Hz, nonlinear load consisting of a 12-

pulse thyristor bridge converter with 200 A constant dc current at

60° firing angle of its thyristors as shown in Fig. This converter

consists of an ideal transformer with single primary star

connected winding and two secondary windings connected in

star and delta with same line voltages to provide 30° phase

shift between two sets of three-phase output voltages. Two 6-

pulse thyristors bridges are connected in series to form this 12-

pulse ac-dc converter. Calculate (a) fundamental active power

drawn by the load, (b) fundamental reactive power drawn by the

load, (c) values of filter elements, (d) THD of supply current with

.. the passive filter, and (e) THD of load voltage with the passive

;{— filter, (f) the voltage, current and VA rating of the passive filter.
wis,  Letthe supply has 5% source impedance mainly inductive.

Coming to example 9, a three phase three branch shunt passive filter tuned for 11th and
13th and high pass is employed to reduce the THD of supply current and to improve the
displacement factor to unity of three phase 415 Volt, 50 Hertz non-linear load consisting
of 12 pulse thyristor bridge converter with 200 Ampere constant dc current at 60 degree
firing angle of its thyristor as shown in figure. This converter consists of ideal
transformer with single primary star connected winding and two secondary is connected
in star and delta with the same line voltage to provide 30 degree phase shift between two
sets of three phase output voltage. [FL] two single pulse two 6 pulse thyristor bridges are
connected in series to form a 12 pulse ac dc converter. Calculate a fundamental active
power drawn by the load; b fundamental reactive power drawn by the load; ¢ the value of
filter elements; d the THD of supply current with the passive filter; and e the THD of
load voltage with the passive filter; f the voltage current and VA rating of the passive
filter.

Let the supply has a 5 percent source impedance mainly inductive.
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The solution to the numerical is detailed in the screenshots.
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Solution: Given that, supply rms voltage, V= 415/53 =

239.6 V, frequency of the supply, = 50 Hz, I = 200 A,
o =600,

In-three-phase 12-pulse thyristor bridge converter, the
waveform of the input ac current (I;) is a stepped
waveforms as (i) first step of m/6 angle {from a to
(a+1/6)} and input current magmtude of Ich3) (ii)
second step of T1/6 angle {from (a+11/6) to (G*T/3)} and
input current m@nltude of {Igc(1+1/\/3)} (iii) third jt_ewf
T/6 angle {from (a+T/3) to (a+m/2)} and input current
magnitude oL{Idc(1+2/\/3)} and it has all four symmetric
segments of such steps.

Therefore, rms of 12-pulse converter input current is as,
) ly=1,=1.5773%ly = 3f5 47A.
NPTEL
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o

Moreover, the rms of 12-pulse converter fundamental ac
current is as, gy = I, ; = {(26)/m}ly, = 1559393, =
311.8786A.

Active power component of supply current is s, I, = lgs
cos 6= |, cos a = 311.8786 cos60°= 155.9393 A.

(aﬂe active power drawn by the load is as,P= 3Vl
cosd, = 112.08895 kW. o

(b) The fundamental reactive power is as, Q, ﬂsL
sinB; = 3V lysina = 194.1437 kVAR.

T
The source impedance is as, Z= jX, =
j0.05"239.6/315.47 =0.037975 Q.
The voltage drop in the source impedance is as, V=

Uk j155.9393 *0.037975 = 5.922 V.
NPTEL - —_—
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The fundamental voltage across the load is as, V, =
V(V2V,2) = 239.53=239.6 V.

(c) The passive shunt filter has three branch shunt
passive filter (PF) (11%, 13" high pass damped
filter). The reactive power O&AR requfe—(Lby
three-phase thyristor rectifier has to be provided by all
nine branches of the passive shunt filter. Considering

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

—_—

C=Q/(9Vs2w) = 1%{143.7/(9*239.62*314) =1196.68
uF. -

Cyy W
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Therefore, the valuggf an inductor for 11" harmonic
tuned filter i/s_as,

Liy=1/ (wyCyy) =M-

“The resistance of the inductor of 11 harmonic tuned
filter is as,

Ry = Xrﬁlgﬁ =0.2419/20 = 0.0121 Q. (Considering Q=
20 as it may be in the range of 10-100 depending upon
the design of the inductor).

The 11 harmonic current in the supply is as,
ls11=111Zpr1ol (Z@an)#lu/ TR /Ry #iXs14)=(311.88/
11)*0.01214{0.01212+(11*0.037975)3= M A

G The 11" harmonic voltage at PCC is as,

i Vit = lsZsy = 0.821%11%0.037975 = 0.343 V

(Refer Slide Time: 39:38)

| e —— e —— e
Therefore, the value of an inductor for 13t harmonic
tuned filter i§ as,

Li3= 1/ (w432C43) = 0.0502 mH.

s B i <

The resistance of the inductor of 13" harmonic tuned
filter is as,

Ri3= X13/Qy3= 0.2047/20,= 0.01024 Q. (Considering Q;
= 20 as it may be in the range of 10-100 depending
upon the design of the inductor).

The 13" harmonic current in the supply is as,

lsg3= 143" Zor13/(Zop13tZara) = (14 13)R 13/ (RystiXsra)
=(311.88/13)"0.0102{0.01022+(13+0.0379)2)=0.497 A.

G The 13" harmonic voltage at PCC is as,

o Vis= lys'Zs1o = 0497*13'0.0379 = 0.2455 V
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| He value o! an mauctor !or HigH pass dampea harmonic

filter (tuned at 23 harmanic) is as,

Ly=1/ (wzgch) 0.016 mH.

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

Ry=Xi/Qy=0.1157/2 = 0.0579 Q. (Considering Q=2
as it may be in the range of 0.5-5 depending upon the
attenuation required).

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

=1 |u2 1421, = \[315.47%-311.88%
(311.88/11)-(311 88113 = 2054A
|5y = 2oyl (Zpptdsy) = (ILH)RH/(RH+]XSH)'

&;Wﬂ ‘29 54'*0 0579 /\/‘0 05792+‘23*0 0379ﬂ = 1958 A, |

(Refer Slide Time: 40:54)

The high pass harmonic voltage at PCC is as,
Vo= lgy"Zy = 1.958*23%0.0379 = w

THD, = {\J(Iw2+ls132+ISH2)lls1a} =0.014 = 1.4%.
THD, = [V(Xetr 2 Kt Kl ]
=0.0074 =0.74 %.
The current ra/ting of the passive shunt filter is as,
lpe=1[ l 2|2 Is“2 |45 IsHZ] 274.14A.
The VA ratmg of the p/asswe shunt filter is as,
o, ) VA= 3VpF*IpF = 32§S§_§2M 197060 VA.

S

MPTEL
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11. An industry is fed electric power from a three-phase 33
kV, 50 Hz ac mains. The data of the supply feeder are as:
short-circuit level 150 MVA and an X/R ratio of 3. A step-
down transformer is placed between ac mains and this
industry with a rating of 1500 kVA, 33 kV/440 V, R =1 %
and X = 5%. A 300 kVA, 440 V, three-phase thyristor bridge
converter fed dc motor drive is used in this industry along
with other linear loads as shown in Fig. If a 1000 kVAR ac
capacitor bank is used at the PCC for power factor
correction of the industry, calculate (a) PCC voltage and its
THD without capacitor bank, (b) PCC voltage and its THD
with the capacitor bank, and (c) current in the capacitor
bank. The harmonic spectrum of ac current of 300 kVA, 440
#~ Y, three-phase thyristor bridge converter fed dc motor drive
{%3 isgivenin Table-E8.20-1.

NP

Coming to now another numerical problem, an industry is fed from electric power from a
three phase 33, 50 Hertz ac mains the data of the supply feeder are as short circuit
impedance level is 1 150 k 50 kVA, X R upon 3. And step down transformer is placed
between the ac mains and the industry with a rating of 1500 kVA, 33 kV upon 440 with
the resistance of 1 percent, X equal to 5 percent at 3 kVA, 440 Volt, three phase thyristor
converter, where dc motor drive is used in this industry along with the other linear load
as shown in the figure. If a 1000 kVAR capacitor is used at the point of common
coupling for power factor correction of the industry. Calculate the PCC voltage and its
total harmonic distortion without capacitor bank, PCC voltage and total harmonic
distance of capacitor at its THD with the capacitor bank and current in the capacitor
bank, harmonic spectrum of ac current of the 300 kVA, 50 Hertz, three phase thyristor
converter for dc type is given in the table next table.
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Table-E8.20-1: Harmonics Spectrum of 300 kVA, 440
V, three-phase thyristor converter fed dc motor drive

Harmonic | Frequency I, (A)
order (Hz)
5th 250 70
7th 350 40
11th 550 20
13th 650 10
17th 850 3
B-];’TEIL

(Refer Slide Time: 47:28)
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The solution to the numerical is detailed in the screenshots.
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Solution: Given that, a three-phase 33 kV, 50 Hz ac
mains has a feeder with data as: short-circuit level 150
MVA and an X/R ratio of 3. A step-down transformer is
placed between ac mains and this industry with a
rating of 1500 kVA, 33 kV/440 V, R = 1% and X = 5%.

A 300 KVA, 440 V, three-phase thyristor bridge
converter fed dc motor drive is used in this industry
along with other linear loads. A 1000 kVAR ac
capacitor bank is used at the PCC for power factor
correction of the industry. The total system and its
equivalent circuit are shown in Fig.

(Refer Slide Time: 48:41)

The total system and its equivalent circuit are shown in Fig.

Here feeder impedance is given in terms of short circuit
MVA (MVA) and X/R ratio and voltage level.

The values of the feeder resistance and reactance in ohms
are calculated as,

R, = (kV 2MVA) cos {tan'(X/R.)}

= (33%4/150) cosftan-(3)} = 2.2958 Q.
X, = (KV, AMVA.) sin ftan'(XJR )}

= (33%150) sinftan'(3)}= 6.8874 Q.
These data of the feeder in ohms are referred to LV side of
the transformer as follows,

s = Ryn?=2.2958/(33000/440)*= 0.00040814 Q.
{ %9 X = XJn?=6.8874 /(33000/440)2= 0. 0012244 @

MNPTEL
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. |
The equivalent circuit parameters of the transformer
referred to secondary winding are calculated as,

R = Ryg(1000 KVZKVA, )

= 0.01*1000*(0.440)2/1500 = 0.001291 Q.
= X;p,( 1000 KV2IKVA,) —

- 0.05*1000%(0 440211500 = 0.006453 0.

X5 =

S

Total equivalent circuit parameters of the system
(shown in Fig. E8.20c) are as follows,

R;= R Ry, = 0.00040814+0.001291 = 0.00169914 Q.
X = XX, = 0.0012244+0.006453 = 0.007677701
’%9 LT XT/(2n'f) 24.45138 ph.

NPTEL
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The equivalent reactance of the capacitor bank is as
follows,

X, = (1000*kV 2)kVAR, = 10007(0.44)2/1000 = 0.1936 Q.
C = 1/(2mfX ) = 16449.97 pF. ’
The magnitude of fundamental current of the converter
supplying dc motor is as,

I, = 300*1000/(V3*440) = 393.65 A.
,—-v—\ i ——

PCC voltage and its THD without capacitor bank are
computed as follows.

Without capacitor bank, the supply impedance is computed

at harmonics. The voltage drop because of each harmonic

current of the load is computed by multiplying the supply
. impedance at that harmonic frequency and harmonic
{%} current. These computed values are given in a Table-
wiie.  £8.20-2.
it e S S i e R e i et
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Table-E8.20-2 Harmonics Voltages at PCC without
capacitor bank

h [F(Hz) | Ri(Q) [X:(Q) Z:(Q) (A) | Vo (V)
5th |250 |0.00169914 |0.0383885 |0.038426085 70 2.69
7th 1350 |0.00169914 [0.0537439 |0.053770753 40 2.15
11th {550  0.00169914 |0.0844547 |0.084471791 20 1.69
13th {650 0.00169914 |0.0998101 |0.099824562 10 0.99
17th {850 10.00169914 |0.1305209 |0.130531959 3 0.39

The rms value of the supply current is as,
lgms = V(393.6524+7024+402+202+102+32) = 402.45 A.

The Total Harmonic Distortion (THD) of supply current
is as,

{:}) THDIs = {\/(Ismtsz'lmz)}/ |s1
NFTRL =((402.452-393.65%)}/393.65 = 0.2127 = 21.27%.

(Refer Slide Time: 51:21)
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The rms value of the PCC voltage is as,

Vs = V(2542+2.692+2.152+1.692+0.992+0.392) =

2540633 V.

The Total Harmonic Distortion (THD) of PCC voltage is
as,
THDys = {V(VmeVsAWVsq
= {\(254.06332-2542)}/254 = 0.0157 = 1.57%.
¢

(b) PCC voltage and its THD with the capacitor bank

The parallel impedance Z at each frequency is

calculated from capacitor value and then harmonic

voltage across the parallel impedance and then
-~ capacitor current from that harmonic voltage. These
(¥} calculated values are given in Table-E8.20-3.

NPTEL
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Table-E8.20-3 Harmonics Voltages at PCC with Capacitor Bank

R (R Y=ol | & %G| R b % | 6@
| _lte [0 |@ @ @ |RixX)@ |® 1)

5 [250 [0.0016991 | 0.0383885 | 0.03842608 |0.03872 |0.85944949973 |70 \ [60.T6 | 1553
[ | 4 5 Pl

7 |350 |0.0016991 [0.0537439 | 0.05377075 |0.02766 |0.05686459737 [40 |0227 g

4 3 8207
0.0016991 | 0.0844547 | 0.08447179 |0.01760 |0.02223065231 |20 |0.445
4 1

g

2526

13 650 [0.0016991 [0.0998101 [0.09982456 |0.01489 [0.01750305258 |[10 [0.176
2 .75

329

3
8

4 i
0.0016991 | 0.1305209 |0.13053195 |0.01139 |0.01247665779 |3 0.03?
4 9 |

1

The rms value of the PCC voltage is as,
Vigms = V(2542+60.162+2.272+0.4452+0.1752+0.0372) =
261.04 V.

The Total Harmonic Distortion (THD) of PCC voltage is as,
7~ THDys= (Vg 2WV={V(261.042-2542)}/254
% =0.2370 = 23.70%.

NPTEL e
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(c) The current in the capacitor bank is calculated
as,

The fundamental value of the capacitor current is as,

1= 1000000/ (3*254) = 1332.34 A.

The rms capacitor currentis as,

|crms=
\/(13&MZ+15§§J§2+§%072+25.262+11.752+3.292)

=2035.66 A.

This capacitor current is 153% of its rated current
because of parallel resonance of this power factor
correction capacitor with supply impedance. This
magnitude of capacitor current is likely to blow the

7~ fuse of capacitor bank or its breaker to trip. It may
ng also damage the capacitor bank.
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50 Hz ac mains. The data of the supply feeder are as: short-
circuit level 150 MVA and an XIR ratio of 3. A step-down
transformer is placed between ac mains and this industry with a
rating of 1500 kVA, 33 kV/440 V, R = 1% and X = 5%. A 300
kVA, 440 V, three-phase thyristor bridge converter fed dc motor
drive is used in this industry along with other linear loads as
shown in Fig. If a 1000 kVAR ac capacitor bank used at the
PCC for power factor correction of the industry, is tuned to
lowest harmonic (5™) passive shunt filter, calculate (a) parallel
resonance frequency, (b) the filter harmonic current spectrum
and rms current of the filter, (c) PCC voltage and its THD with
the passive filter, and (d) rms capacitor voltage. Harmonic
spectrum of input ac current of 300 kVA, 440 V, three-phase
thyristor bridge converter fed dc motor drive is given in Table-

ﬂ E8211.

Now, coming to a 12th problem, an industry is fed from electric power from a three
phase 33, 50 Hertz ac mains. The data of supply feeder are, as like a short circuit current
level of 150 kVA, X upon R ratio of 3. A step down transformer is placed between the ac
mains and this industry of 1500 kVA, 33 kV by 440 with the resistance of 1 percent and

reactance of 5 percent.

A 300 kV, 440 Volt, three phase thyristor converter bridge dc drive is used in this
industry with other linear load. And if 1000 KVAR capacitor bank is used at the PCC
with the power factor correction, it tuned to lowest harmonic 5th harmonics passive
shunt filter. Calculate the parallel resonance frequency, the filter harmonic spectrum,

current top filter PCC voltage and THD of passive filter.

The rms capacitor voltage harmonic spectrum of ac mains current of 300 kVA of this is
given in table 1.
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Table-E8.21-1: Harmonics Spectrum of 300 kVA, 440
V, three-phase thyristor converter fed dc motor drive

Harmonic order| Frequency (Hz) Iy (A)
5th 250 70
Tth 350 40
11th 550 20
13th 650 10
17th 850 3

X
NPTEL
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The solution to the numerical is detailed in the screenshots.
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Solution: Given that, a three-phase 33 kV, 50 Hz ac
mains has a feeder with data as: short-circuit level 150
MVA and an X/R ratio of 3. A step-down transformer is
placed between ac mains and this industry with a rating
of 1500 kVA, 33 kV/440 V, R = 1% and X = 5%. A 300
kVA, 440 V, three-phase thyristor bridge converter fed dc
motor drive is used in this industry along with other linear
loads. A 1000 kVAR ac capacitor bank is used at the
PCC for power factor correction of the industry. The total
system and its equivalent circuit are shown in Fig.

Here feeder impedance is given in terms of short circuit
MVA (MVA.) and X/R ratio and voltage level.

,) The values of the feeder resistance and reactance in
' r ohms are calculated as,

(Refer Slide Time: 56:35)

E/: = (kULLw ‘ﬂscg cos !tan' &JEJ!
= (332/150) cosf{tan-'(3)} = 2.2958 0.
X, = (KV, 2MVA) sin {tan(XR,)}
= (332/150) sinftan(3)}= 6.8874 Q.

These data of the feeder in ohms are referred to LV
side of the transformer as follows,

Ry = Ry/n?=2.2958/(33000/440)? = 0.00040814 Q.
X = XJ/n?=6.8874 /(33000/440)>= 0.0012244 Q.

The equivalent circuit parameters of the transformer
referred to secondary winding are calculated as,

(2) Re=Rp(1000 KV2KVAY)

FfEL = 0.01*1000*‘0.440 |2/1500 =0.001291 Q. |




(Refer Slide Time: 57:04)

BEESa——— . s e |
X1s= X100 KVZIKVA,)

=0.05*1000*(0.440)%/1500 = 0.006453 Q.

Total equivalent circuit parametersofthrgystem (shown
in Fig.) are as follows,

R;= Ry #Ry = 0.00040814+0.001291 = 0.00169914 0.

X, = X +X;, = 0.0012244+0.006453 = 0.0076777 Q.
[ Ll

Ly = X/(2mf) = 24.45138 pih.

e s

The equivalent reactance of the capacitor bank is as
follows,
X, = (1000*kV 2)/KVAR = 1000*(0.44)%/1000

3;; = 0.1939 Q.

wie € =1/(2mfX ) = 16449.97 F.

(Refer Slide Time: 57:43)

The passive shunt tuned filters are tuned at a
frequency 5% to 10% lower than actual harmonic
present to be reduced in the system. Normally 5%
harmonic filter is tuned at 4.7 order frequency of the
supply system. Therefore, tuning 5 harmonic filter at
4.7 order frequency of the supply system, the
inductor of the filter is calculated as,

L= 1/{(3;2* THPAC) = 1{(4.7°2°*502*16449.9710
}=27.883 uH.
X,s= 2'TP'L;= 0.0087597 Q.

The magnitude of fundamental current of the converter
. supplying dc motor is as,

2 I, = 300*1000/(3*440) = 3%A.
_




(Refer Slide Time: 58:36)

(a)The parallel resonance frequency with passive
tuned filter can be calculated as,

Total impedance of the equivalent circuit shown in
Fig.8.21c at any frequency w, can be calculated as,

Z:= [(Rrtj w, Lrfiwals F(wCIHA Rrtju, L, L -
J(w,C}

where L;is the value of the filter inductor.

Under parallel resonance, the denominator of

impedance Z must be minimum value or its imaginary

part of its denominator is equal to zero. It will be of
. minimum value at a frequency w,, when an inductance
:9 reactance is equal to capacitive reactance.

MPTEL
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WLyt L) = (), w,= 1{(Lr+ L)C), and

f= w/(2m) = 12ml(Lr+ L)CY
= 1/[2m{(24.45138*10+ 27.883*10°6)16449.97*10%)]
=171.51 Hz.

This parallel resonance phenomenon is now avoided
from 5" harmonic and it is shifted to occur this parallel
resonance frequency (f) at a value less than the lowest
order harmonic current present in the harmonic
producing loads at 3.43 order harmonic. Therefore, this
sifting of parallel resonance frequency (f) to much lower
frequency (3.43 order harmonic) than harmonics present
. Inthe loads, avoids the amplification of harmonic current

% and PCC voltage distortion is minimized in the system.
NPTEL
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(b) The filter harmonic current spectrum and rms
current of the filter can be calculated as follows.

The fundamental current of the filter can be
calculated as,

Iﬂ Nominal phase voltagelﬂw\\Lf\[IQwECiD

(440/\!3)/[|{2f T*50*27.883*10%-
1/(2*1*50+16449.97*105))]
= 254/(j(0.008755262-0.19360} = 1374.13 A

The currents flowing in the harmonic filter at any
frequency w, calculated from following relation.

G I = I(Re#j wa L){Rr+jw, Ltjuw, Ly (w,C)}

NPTEL
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Using this equation, harmonics currents in the passive
filter is calculated and shown in Table-E8.21-2.

The rms filter current is as,

— 31 ( 1’7374334617.582+24.602+1 0.352+5.022+1.462)
= 1375.78A

The rated current of the capacitor is as,

logms = 1QQQQ00/(3*254) =1312.34 A.
The rms filter current as % of rated current of the
capacitor is as,

lims/lems =1375.78/1312.34 = 1.04834 = 104.834%

This filter current flowing through the capamtor is onIy
#~ 105% of its rated current, which is well within its
*9 considered rating.

MNPTEL
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I |
Table-E8.21-2 Harmonics Voltages at PCC with Passive Filter

nIT R Xl Z XC [l [h [ [ % Ve Vo
Hz (@ (L} © @ @ ww @ v ™ (0]
Tﬁmm 0030426085 | 003872 | 0047985 | 70 [615 0814 [0313 | 2304 | 2697
|7 350 [ 000169974 | 00537439 | 0053770753 | 002766 | 0.0613179 | 40 gte 540 |0828 | 0681 1508
7 [550 | 000169914 | 00844547 | 0084471791 | 001760 | 00963567 | 20 (1’03 W65 [0815 | 0182 | 0997 |
:—WWWWW 01138761 | 10 gﬁl) 0408|0407 |0075 05712
%‘lﬁm 0130520 [0.130531989 | 001139 | 01489149 |3 §14 0154 [0201 | 0017 | 0217

(c) The PCC voltage and its THD with the passive

filter

For calculation of the voltage distortion, harmonics

currents flowing in to the supply system at a frequency

w, are computed and shown in Table-E8.21-2 from
?; these relations,

MNPTEL
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EEs-— e e
Ish = Ih(jwa Lf 'j/ (waC)/{RT+jwa I'T"'jwa Lf 'j/ (waC)}
The fundamental PCC voltage is as,
V= 4403 =254 V. B
The harmonic voltage at each harmonic present at PCC
may be calculated as,

Vi= I (Retju, Ly)
These equations are used to calculate all harmonic
voltages to find THD of the PCC voltage and calculated
values are given Table-E8.21-2.
The rms value of the supply current is from Table-E8.21-2
as,
s = (3036524814415 424065244 08+1.547) =

SIms

~ 394187TA.
";; The THD of the supply current is as,

w7 THD, = [(393.187%-393.657))/393.65= 0.0522 = 5.22%.
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The rms value of the PCC voltage is from Table-E8.21-2

as,
V= (254%40.313%40.828%40.815%+0.4972+0.2017) =
254003415 V.

The THD of the PCC voltage is as,
THD, = [(254.0034152-2542))/254 = 0.005186 = 0.518
96 = - ——

b o :
This THD distertion_in PCC voltage of 0.5186% is
reduced fromé.rzb,a& without _the mfef?ﬁ THD
distortion in PCC voltage of.0.5186% is also reduced
from 23.79@ in case of power factor correction
capacitor.—

_ (d) The rms capacitor voltage

* The fundamental current filter can be calculated as,

NPTEL
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EeE—=_ ===
ly; = Nominal phase voltage/{jw,L §/(w,C)}
=(440M3)/[j{2*m*50+27.883*10°-
1/(2*m*50*16449.97*10)}]
= 254/{j(0.008755262-0.19360} = 1374.13 A.
The fundamental capacitor voltage is as,
V=l *X = 1374.13/(2**50*16449.97*10°5)
=1374.13*0.19360 = 266.032 V.
The harmonics voltages across the capacitor and an
inductor is calculated as, V, = lz/(w,C)and V;, = Iy, wyLs
These relations are used to compute harmonic voltages

7~ Of the filter capacitor and inductor elements and are
(%) given Table-E821-2.
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The rms voltage across the capacitor is as,
V,

crms

=(266.0322+2.3842+0.6812+0.1822+0.0752+0.0172)
=266.04 V.

/~ .
The rms capacitor voltage as percentage of rated
voltage is as,

V! Vs = 266.04319/254 = 1.04741 = 104.741%.

As the voltage across the filter capacitor is higher by
4.741% and therefore, this capacitor is selected of high
voltage rating. However, fundamental reactive power

rating has to be derated as,
7~ KVAR, = kVARN(fA/fN)(VANN)2

g

;9 =1000(50/50)(266.04319/254)?=1097.076 kVARs.

MNPTEL
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where A represents actual and N represents nominal or
rated quantities.

Therefore, a capacitor bank of 1097.076 kVARs has to
be used in place/of 1000 kVARSs, it means 9.7076%
derating has to be there for the capacitor bank.

N
g
i

N
NPTEL
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I |
SUMMARY

* Passive filters are widely used to limit harmonic
propagation, to improve power quality, to reduce
harmonic distortion and to provide the reactive
power compensation and all together.

* These are designed for high current applications
and high voltages.

» Many such filters are in operation for HVDC
transmission systems, large industrial drives, static
VAR compensators etc.

* These passive filters are also used along with

O small rating active filter as a hybrid filter with a

) major amount passive filter.

Passive filter are widely used to limit the harmonic propagation, to improve the power
quality, and to reduce the harmonic distortion and to provide the reactive power
compensation and all together. And there are these are designed for high current
applications and high voltage like HVDC and high rating current source converter one.

And many such filters are in operation for HVYDC transmission system, large industrial
drive, static VAR compensator. And these passive filters are also used along with the

small rating active filter as a hybrid filter with a major amount of passive filter.
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