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Lecture - 06
Passive Shunt and Series Compensations (contd.)
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Q.6 A three-phase, three-wire, delta connected balanced load of
(Z;=3.04]1.0 pu) has an input ac line voltage of 415 V, 50Hz, AC
supply and base impedance of 8.25 ohms per phase. It is to be
realized as a unity power factor load on ac supply system using
shunt connected lossless passive elements (L or C). Calculate (a)
supply line currents, (b) compensator currents, (c) the value of
compensator elements (in Farads or Henries), (d) its kVA rating, and
(e) equivalent per phase resistance (in ohms) of the compensated
load.
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Welcome to the lecture on this Passive Compensation. We were discussing the numerical
examples. [FL] This is the 6th numerical examples on a three-phase, three-wire delta
connected balance load of Z L equal to 3.0 per unit plus 1.0 per unit has an input ac line

voltage of 415 volt, 50 Hertz, AC supply and a base impedance of 8.25 ohm per phase.

So, it is to be realized as a unity power factor load on the ac supply system using shunt

connected lossless passive element. And calculate the supply line current, compensator



current, the value of compensating element its kVA rating, and equivalent per phase

resistance of the compensated load.
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Well, this is the circuit [ mean of the, this problem schematic diagram and perform waveform.
[FL]We have a three-phase supply. And we have a, this typically a balanced load connected
of reactive load across the three-phase line, and then we have a here the compensator. And

these are the typical waveform after estimating then the after the designing of it like.



(Refer Slide Time: 01:31)

Solution: Given that, supply voltage, V, = 415 V, frequency of supply,

f = 50 Hz, three-phase load, Z;= (3+j1) pu with base impedance of

4.15 ohms per phase.

The load resistance, R; = 8.25*3.0 Q =24.75 Q. The load reactance,

X;=8.25*10=8.25Q.

The load admittance, Y, =1/Z;= G;— jB,= (0.0364-j0.0121) mhos.

(a) The supply current after the compensation, [,= (V3)VSGL* 26.138

A

Because of balanced and symmetrical operation, [,=1,=1. = 1=

26.138 A.

For unity power factor operation the compensator, shunt capacitors are

connected in parallel to all load branches. For UPF operation B, =

B=0.0121.

(b) The compensator phase current, [.= V.*B = 415%0.0121=5.03 A.
(@ All compensator branches share equal compensator currents.
N‘P;’FEH,.
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[FL]Let us discuss that given a supply voltage of 415 volt at 50 Hertz three-phase load of 3
plus 1 per unit j per unit with base impedance of 4.15 ohm. [FL] From this we can calculate
the load resistance by utilizing this typically this four point into 3 this become 24.75, and load

reactance typically of 4.15 into 1 that is 8.2.

[FL] The load admittance Y L equal to 1 upon Z L, and G L minus j B L [FL]it becomes like
0.0364 minus j 0.12 mhos.[FL]Supply current after the compensation will be I s root 3 VS G
L [FL] it will be 26.13 ampere. Because of the balance symmetrical operation, the current in

all the three-phase after compensation will be 26.13 ampere ohm.

For unity power factor operation of the compensator, shunt compensator are to be connected
in parallel to all the load branches. For UPF operation [FL] B L should be equal to minus B ¢
and that is 0.0121 mho. And compensator phase current will be that V S into B L [FL] here



the is connected across line to line because of delta connection [FL]it will be 415 into 0.0121
that comes 5.03 ampere. And all compensator branches share the equal compensator current

right.
(Refer Slide Time: 02:58)

(c) The value of the capacitor for power factor correction, C =B /o =
38.58 uF.

(d) The compensator VA rating, Q.= 3VI.= 3*415*5.03 = 6262.7
VAR = 6.262 kVAR.

(e) The equivalent resistance (in ohms) of the compensated load,
R =1/G=275Q.

.
¥ s
f) $IEEE
NPTEL il

[FL] The value of capacitor for power factor correction C equal to B ¢ upon omega [FL] it
come 38.58 micro Farad. And compensator VA rating you can call it is for the all
three-phases, it comes like 3 V I ¢ [FL] it will be 3 into 415 into 5.03[FL] it become 6267 VR
it equivalent to like a 6.26 typically of VAR. The equivalent resistance of the compensator

load is R equal 1 upon G L and that your 27.5 ohm.
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Q.7 A three-phase, three-wire, ac distribution system has a line voltage of
415V, 50Hz and feeder (source) impedance of 2 ohms resistance and 2.0
ohms inductive reactance/phase after which a balanced delta connected
load of 7; = (24+18) ohms/phase is connected. Calculate (a) the voltage
drop across source impedance and (b) voltage across the load. A shunt
compensator consisting of lossless passive elements (L or C) 1s used to
raise the voltage to same as input voltage (415V) as shown in Fig.
Calculate (c) supply line currents, (d) compensator currents, (¢) the value
of compensator elements (in Farads or Henries), and () its kVA rating.

2,240 s
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Well, coming to the next problem, typically a problem number 7, a three-phase, three-wire, ac
distribution system has a line voltage of 415 volt, 50 Hertz and feeder impedance of 2 ohm
resistance and 2 ohm inductive reactance phase after which a balanced delta connected load

of 24.24 plus j 18 ohms per phase is connected.

And calculate the voltage drop across the source impedance, voltage across the load. A shunt
compensator consisting of a lossless passive element is used to raise the voltage as the same
as the input voltage as shown in figure. Calculate the supply line current, compensator

current, the value of compensator element, and its kVA rating.
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Solution: Given that, the supply phase voltage, V;415/53 V=2396,

frequency of the supply, £=50 Hz, delta connected load of Z; = (244]18)
ohms/phase. The source impedance is as, Z;= RjHX.= (21j2) Q. The
star equivalent of the load, Z; = Z, /3= (24+718)/3 ohms/phase= (8+16)
ohms/phase.
Total impedance/phase, Z, = Z¢t 7, = (10+8) Q= 12.806 Q.
The load line current before compensation is as.
L™ V/Z,:7239.6/12.806 A=18.71A.

(a)The voltage drop across the source impedance before compensation
isas,

Ve =l o= 010 \]
(b) The voltage across the load before compensation is as,

VgL 2oy 3324061 V.

_ The load admittance, Y, =Gy jByy=1/Z;,~(0.08-J0.06) mhos.
{’;f The load power factor can be made unity by connecting a susceptance of
m\m?m. By =By ~0.06 mhos.

Coming to solution of this problem,[FL] given that the supply phase voltage is 415 by root 3
that is 239.6 volt, and frequency of supply of 50 Hertz, and delta connected load of Z L equal
to 24 point j 18 ohms or phase. The source impedance is as R S plus j S 2 plus j 2 ohm. And
the star equivalent of the load will be Z LY will be equal to Z L delta by 3 [FL] it become 24
point j 18 divide by 3 and that is comes 8, 8 plus j 6 ohm per phase.

The total impedance at the circuit equivalent star connection, I mean including the source
impedance and equivalent star will be Z T equal to Z S plus Z LY that will be your 10 plus j
8, and that magnitude of you can call it of impedance is your 12.806 ohm. [FL] The load line
current before compensation will be i V S upon Z T, and that is 230 that is a phase voltage
415 by root 3, 2 that is equivalent to 239.6 divided by 12.806 that is the impedance, and value

comes off this 18.71 ampere.



And the average voltage drop across the source impedance after the compensation will be I S
V SV ZS oldequal to IS old into Z S, and that comes typically after multiplication of this it
comes 52.919 volt. And voltage across the load before the compensation is your now V Z old

as where [ S old into Z LY by root into root 3[FL] it come 324.06 in place of 415.

[FL] You can call it like now because you see lagging power factor load and you have a
source in reasonable source impedance or feeder impedance and that is the reason this voltage

reduces from 415 to 324.061 volt.

[FL]Load and where the now we can convert the load admittance per phase, I mean as a load
conductance in equivalent star G LY plus j B LY that is 1 upon Z LY, and it comes to equal
to 0.06 minus j 0.06 mho. And the load power factor can be made unity by connecting a
susceptance in parallel to this equivalent to that will be BPF for power factor correction

minus B LY and will be 0.06 mho.
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Let the susceptance of value B, mhos is to be connected i parallel to
the load to raise the load voltage equal to the input voltage (V,=Vy).
The basic equation to regulate the load voltage equal to mput voltage is
as,
[V VIR, XU Goyt B} ¥ (GryiBo) V|
Solving this equation, the value of By is as,
B (Xt (VXM (XHRA(RGy R X Gy VXSRS
Substituting the values of Xs=2 Q, R=2 Q and G,~0.08 mhos and
considering “-” sign in “=£”, for lower value of the compensator, the
value of B, is as, B, =0.123 mhos.
The total susceptance for the power factor correction and voltage
regulation is as, B;=B,,tB,;=0.183 mhos.
The supply line current is as,
VIR AX UGy B} = 239.6/[{(272)+1/(0.080.123)3
=35.152A.
(’;? The susceptance to be connected line to line for power factor correction
o isB,=B,3=006lmho

[FL] Let the susceptance of the value B is cv, mho is to be connected in parallel to the load to
raise the voltage equal to the input voltage for voltage 0 voltage regulation V L equal to V S.
And the basic equation to regulate the load voltage equal to the voltage is as V L magnitude

should be equal to the V S magnitude.

And V L magnitude we can calculate of course by finding the current and then the
multiplication of the your let us say load admittance, load impedance along with the
compensator which we have already put it like [FL] that will be V S upon the total impedance
I mean the source impedance plus the impedance of the load along with the your you can call
it the compensator impedance multiplied the impedance of the load along with the

compensator.



[FL]That solving this we will get B cv equal to X S plus minus under root X S square minus
X S square R S square into 2 R S G LY R S square G L y square and X S square G LY square
and divide by X S square R S square.

[FL] Substituting the value of X S equal to 2 R S equal to 2, and G LY 0.08, and considering
minus sign in plus minus for lower value of the compensator the value of B cv is as B cv
equal to 0.123 mho. And total susceptance for power factor correction and voltage regulation

now is B T be will be equal to B cv plus B PF that the 0.183 mho.

And the now the supply line current will be keeping the value in this source impedance, and
then total it comes like 239 point the putting the value of all these elements, it come 35.152
ampere. And to susceptance to be connected line to line for power factor correction that is B

D equal to B T by 3 and that is 2 0.061 mho.
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After compensation load line to line voltage is V;; =415 V.
(d) The compensator currents are Vy; *Bp =415%0.061 = 25315 A.
(e) The value of the capacitor for power factor correction and voltage
regulation is as,
CyBy/(3*0) =194.169 pF.
(f) The kVA rating of the compensator 1s as,
Qqg=3V1;"By=3*41570.061= 31517.175 VA =31.517 kVA.

o=
0
NPTEL

Well, after the compensation the load line voltage is 415. And the compensator current are to
be V L line voltage into the B D compensator you can call it susceptance and that is 415 into
0.661[FL] current 625.315. The value of capacitor for power factor correction and voltage

regulation is C D equal to B D upon 3 omega, and it comes 194.169 micro Farad.

And kVA rating of the compensator is now 3 V L square into B D. And we by keeping 3 into
415 square into 0.661 that comes 31517.17 VA it comes the 31.517 kVA as the compensator
kVA rating.[FL] This completes this problem.
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Q.8 A three-phase, three-wire, unbalanced delta connected load
{Z,,7(5.042.0) pu, Z, =(4.0+j1.2) pu and Z_=(7+)2) pu} has an
input line-line voltage of 415V, 50Hz, AC supply and base
impedance of 5.25 ohms per phase. It is to be realized as a balanced
unity power factor load on three-phase supply system using a shunt
compensator consisting lossless passive elements (L or C). Calculate
(a) supply line currents, (b) the value of compensator elements (in
Farads or Henries), (c) compensator currents, (d) its kVA rating, and
(e) equivalent per phase resistance (in ohms) of the compensated
load.
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[FL] Coming to another numerical examples number-8, a three-phase, three-wire, unbalanced
delta connected load which have a let across the line ab Z ab equal to 5 plus 2 j 2.0 per unit
and Z b 4.0 plus j 1.2 ohm per unit per unit and Z ca 7 point j 2 per unit has an input line
voltage of 415, 50 Hertz ac supply and base impedance of 5.25 ohm per phase.

And it to be realized as a balance unity power factor load on three-phase supply system using
a shunt compensator consisting lossless element. Calculate the a supply line current; b, the
value of compensator element; ¢, compensator current; and d, its kVA rating; and e,
equivalent per phase resistance of the compensator load because after compensation it should

have as a unity power factor load on the balance load in supply system.
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[FL] Coming to the solution I mean of this[FL] this is the typically the network you can just
see that we have unbalanced load connected in delta, and then we have a compensator
element for across all three you can call it delta connected load with the three elements such

that compensator is also connected in delta across the each branch.

And compensator is responsible not I mean for power factor correction and balancing the load
also across the supply. And these are of course, after getting the design on the waveform are
plotted I mean and you can see those supply currents are in phase with the supply voltage.

And typically all other waveform of compensator currents are also given here.
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Solution: Given that, supply voltage, V, = 415 V, frequency of the
supply, f = 50 Hz, a three-phase, three-wire, unbalanced delta
connected load of {Z,, = (5.04j2.0) pu, Z,. = (4.0+j1.2) pu and Z =
(7472) pu}with base impedance of 5.25 ohms per phase.
Load impedances, Z,,, = (26.25+j10.5) Q, Z;, = (2146.3) Q and 7; =
(36.75+j10.5) Q. Load admittances, Y, = (0.0328-j0.0131) mhos,
Y4 (0.0437-0.0131) mhos and Y, .= (0.0252-j0.0072) mhos.
The total load conductance is as, G, = G+ Gyt Gp= 0.1017
mhos.
(a) Supply line currents after compensation, I, =(V,*G;;\3) 0°A =1
0°A, I;=1 £120°A, I, =1 £ 240°A.
1= (V*Gi/V3) £ 0°A=2436 £ 0°A, I,= 2436 £ 120°A,
1,=24.36 £ 240°A.
(b) Compensator susceptances, B = =By, + (G; -Gy )/\3,
B(‘hc BIbc Gl ab” GI Lrl)/\/3
l@ BLc37 B + GLbc GLab)/\B ?|EE§
NPTEL
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[FL] Coming to the solution of this problem given that supply voltage V S equal to 415 and
frequency of 50 Hertz a three-phase, three-wire unbalanced delta connected load of Z ab
equal to 5.0 plus j 2 per unit, and Z b 4.0 plus j 1.2 per unit, and Z ca is 7point 7 plus j 2 per
unit with a base impedance of four point 5.25 ohms per phase. We can find out the actual

impedance of the all three by multiplying the per unit value with the base impedance.

[FL] Load impedance comes Z lab comes 26.25 plus j 10.5 ohm and Z L bc, it comes 21 plus
j 6.4 ohm, and Z L ca 36.75 plus j 10.5 ohm. And load admittances come Y Lab equal to
0.0328 minus j 0.03 mho, and Z bc 0.0437 minus j 0.0131 mho and y this Y L ca 0.02252

minus j 0.072 mho.

[FL] Total load conductance here which is a sum of all three conductance as they come GL T

equal to 0.1017 after putting the value of all three conductance of the load. And supply line



current after the compensation I mean from the relation it will come I sa equal to V S into G

LT by root 3 into at a angle of 0. It comes at typically I times this.

And similarly your B phase will be 120 degree apart and I sc will be your 240 degree apart.
And the magnitude of current I mean we can calculate I sa equal to V S into G LT by root 3
into at the angle of 0, it comes 24.36 at the angle 0, and I sb 24.36 ampere at the angle of 120
degree, I sc 26.36 which is equal to the all three balance current at the phase angle of 240

degree.

So, that cause the balance three-phase channel current at unity power factor in phase with the
supply voltage. And we can find out the compensator susceptances that we say we will
applying the relation which we derived in the previous lecture[FL] minus B Lab plus G Lac a
minus G L cb divide by root 3. Similarly, for B cb minus B Lb in bracket G Lab minus G Lac
divide by root 3, and B L ca equal to B L ca plus G L bc minus G Lab by root 3.
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Substituting values, Be,,= 0.0024, B, =0.0175, B,=0.0134 mhos.
Values of elements of compensator, Coy= Bey/©=7.639 pF, Cop=
B /@=55.83pF, Ce= Be/0=42.81 uE.

(c) The compensator phase currents,

loy= V*Bey=1.0118 A, I = V.*B,=7.2800 A, .=

V"B, =5.5817 A

(d) The compensator VA rating, Qc=V(|loyHl e[ Flcea F5757.5
VA=5.757 kVA.

(e) The equivalent delta connected resistance (in ohms) of the
compensated load, R.,=3/Gy= 29.50 Q.

NPTEL

wanity

And then of course, putting the value of all these, we get the compensator susceptances B Ca
0.0224 mho, B ca 0.0175 mho, and B Cca 0.0134 mho. And the value of elements come from
there if we calculate the value of in first element in the capacitance[FL] it is a B Cca by

omega that comes 7.639 micro Farad.

And across the B c it comes as a capacitance[FL] it is a B cb by omega[FL] 55.83 micro
Farad; and for C Ca it also another capacitor as a B ca omega[FL] that is also typically comes
from the previous value is come 42.81 micro Farad, [FL]that is a compensator value for all

three.

And compensator phase current, we can find out V S into the this susceptances[FL] it comes
1.0118 ampere and I Cab second compensator I mean across the B ¢ line come B sb ccb and it

comes 7.28 ampere, and I ca for V S B ccb[FL] it comes 5.5817 ampere. And compensator



VA rating comes like voltage which is equal across and we can take a mod of all these three

current.[FL] it comes typically 5.75 kVA.

And equivalent delta connected resistance in ohms of this, we can find out R equal to 3 divide
by G LT, and it comes 29.50 ohm per phase like I mean.[FL] That provide the typically you
can call it like not only power factor correction but the load balancing what we demonstrate in

this example.

(Refer Slide Time: 14:57)

Q.9 A three-phase AC supply system has a line-line voltage of 415V
at 50Hz and the feeder (source) impedance of 0.5 ohms
resistance/phase and 3.0 ohms inductive reactance/phase after which
a unbalanced delta connected load (Z,,=15 ohms, Z;, =20 ohms and
7,725 ohms) is connected. Calculate (a) the voltage drop across the
source impedance and (b) voltage across the load if a shunt
compensator consisting lossless passive elements (L or C) is used to
balance this load and to realise it as UPF load. Also calculate (c)
supply line currents, (d) the value of compensator clements (in
Farads or Henries), (€) compensator currents, (f) its kVA rating, and
(g) equivalent per phase resistance (in ohms) of the compensated

load.

s
£
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Coming to another example typically example number-9, a three-phase ac supply system has
a line voltage of 415 volt at 50 Hertz, and the feeder impedance of 0.5 ohm resistance per
phase and 3 ohm, ohms inductive reactance per phase after which a unbalanced delta

connected load with Z ab equal to 15 ohm, Z bc of 20 ohm, and Z ca 25 ohms is connected.



[FL]Calculate the, a - voltage drop across the source impedance, the voltage across the b
voltage across the load if shunt compensator consisting of lossless passive element is used to
balance this load and to realize as a it as a unity power factor load. Moreover calculate the
supply line current, the value of compensator element compensator current, and its kVA

rating, and equivalent per phase resistance of the compensated load after the compensation.

(Refer Slide Time: 15:48)

2054300 2 ST
i - E “Y}( NESEN ")(f_/\‘,‘(/)‘(/j

o
i Schematic diagram and performance waveforms & IEEE
NPTEL e

[FL]This is the typically the circuit configuration that we have a source impedance which is
equal for all three-phases in series. And we have a unbalanced load which the value of two
conductance and another is susceptance. And then we have a compensator element for across
the all these delta connected load.[FL] After proper design and getting the value this
waveform are plotted. And you can clearly see that I mean the power factor is corrected to

typically to unity like I mean after the compensation.
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Solution: Given that, supply voltage, V, = 415 V, frequency of the

supply, f = 50 Hz, a three-phase, three-wire, unbalanced delta

connected load of (Z; ;= 15 ohms, Z; = 20 ohms and Z; .= j25 ohms)

with the feeder (source) impedance of 0.5 ohms resistance/phase and

3.0 ohms inductive reactance/phase. Z=0.5+j3.0

Load admittances, Y, ;= 0.0667 mhos, Y;,.=0.0500 mhos and Y; ;= -

0.0400 mhos.

Equivalent star connected conductance and resistance after

compensation, Gyp= Gy, + Gy T Gy.= 0.1167 mhos, R =8.57 Q.

Total impedance/phase in star connection, Zry=Zg+ Rir= (9.0714+3)

Q=955 Z18.30°Q.

The source current after compensation is I.= V/(\3*/Zzy)) =

25.06 £-18.30°.

(a) The voltage drop across the source impedance, V,=L*2=76.26 V.
7\ (b) The voltage across the load, V; = I.*R;r = 214.909V/phase =
9 129 Vi S ! ¢ IEEE

Advancing Technology

NPTEL for Humanity

Coming to the solution I mean given that supply voltage of 415 volt frequency of 50 Hertz
and three-phase, three-wire unbalanced delta connected load of your Z Lab across the line ab
is 15 ohm, and Z bc 20 ohms and Z L ca your j 25 ohm with a feeder impedance of 0.5 ohms
resistance per phase and 3 ohm inductive reactance per phase that comes equal to 0.0 plus j 3
ohm. And load admittance we calculate 1 upon Z it comes L ab is 0.0667 mho, and Y Lb
0.0500 mho, and Y L ca minus j 0.04 mho.

The equivalent star connected conductance and resistance after compensation I mean we have
to add all conductance as a relation we derived G LT equal to G lab plus G L bc G l¢,[FL] it
comes 0.1167, and R LT comes as 8.57 ohm. And the total impedance in the star connected

equivalent load I mean, like in balanced load is along with the source impedance. And this



resistance comes like point 0 9 0.074 plus j 3 and it can be converted into the polar typically

polar coordinate 9.55 at the angle 18.30 degree ohms.

And the source current after the compensation which equal to I s equal to V s upon root 3 to
get the phase voltage into Z TY in star connection [FL] that comes around 25.06 at the minus
at the angle 18.30 degree ampere. And voltage drop across the source impedance will be [ s Z

s [FL] that comes your 76.26 volt.

And voltage across the load comes V I s into R LT that is 214 9.09 ohm that is the line
voltage comes seven, 372.29 in place of four typically 415[FL] because of the source
impedance the voltage across the load reduces like even you put this load as you balance

load.[FL] These three load across the this typically line like.

(Refer Slide Time: 18:19)

(b) Supply line currents after compensation,

I= (VJ(V3*Zrg)) £ -1830°A =T £ -1830°A , Ty=T £ -138.30°A, I, =T 2
101.70°A.

1,=25.06 £- 18.30°A | [;=25.06 £-138.30°A,

1,=25.06 £101.70 °A.

(d) Compensator susceptances, Begy= ~Bray HGpee-Grae) V3.

BChc: BLbc t (GLab'GLca)’/\ll BCca: BLcaI(GLbc'GLab)/ \l3

Substituting the values, Bey= 0.0385 mhos, Bey,= —0.0289 mhos,

By =0.0304 mhos.

Values of elements of compensator, Cy,= By /0=122.55 F, Coy= 1/(Beyy
0) = 110.14 mH, C¢= Be /o = 96.695 pF.

(€) The compensator phase currents,

Tear™ Vi*Beay=11.98 A, Tope= Vi*Beyn=15.97 A,

L™ V*Bee,=12.60 A .

() The compensator VA rating, Qu=V([Lyp/HIcpd Hlce =16832
VAR=16.832kVAR.

{ (2) The equivalent delta connected resistance (in ohms) of the compensated GIEEE
N;}:;m_. load, Ro=3/Gir=25.71 Q. y




Now, coming to b part, the supply current after the compensation I sa equal to V s upon root
root 3 Z ly at the angle of minus 18.23. Similarly, for all three current balance[FL] I sa will be
25.6 at the angle of minus 18.30 degree ampere. And similarly for b phase 25.06 ampere at
the angle of minus 13 138.30 degree, and I sc will be 25.06 ampere at the angle of 101.70

ampere.

And the compensator susceptances will be from these relation minus B Lab plus G L a minus
G L bc by root 3, [FL]this relation we have derived[FL] putting the value[FL]it comes the
compensator value B Cbc equal to 0.0385 mho, and B Cab will be minus 0.0289, and B Cca
is 0.034 mho.

And value of compensator element will be capacitance for a line across ab will be your B Cca
by omega,[FL] it comes 122, 122.55 micro Farad. Similarly, for your C ab is equal to
typically as a, your inductance that is 110.14 milli Henry. And similarly capacitor across the

line ca will be your 96.69 typically 5 micro Farad.

And the compensator phase current will be of course we can find out V s into cb that comes
11.98 ampere, for the be it comes like 15.97 ampere, and for ca it comes again 12.60 ampere.
And compensator VA rating we can find out V into absolute value of all the current it comes

16.832 kVAR because it is all reactive elements there.

And the equivalent delta connected load of compensator load will be R equivalent 3 by G LT
into that is comes about 25.71 of equivalent star connected load like so that is completes the

9th problem.



(Refer Slide Time: 20:21)

Q.10 A three-phase AC supply has a line-line voltage of 415V at
50Hz and feeder (source) impedance of 0.5 ohms resistance and 2.5
ohms inductive reactance/phase after which a unbalanced delta
connected load having Z,,=15 ohms, Z; =20 ohms and Z_=25 ohms
is connected. Calculate (a) the voltage drop across the source
impedance and (b) the voltage across the load if a shunt compensator
consisting lossless passive elements (L or C) is used to balance these
loads and to raise the voltage to same as input voltage (415V). Also
calculate (c) supply line currents, (d) the value of compensator
clements (in Farads or Henries), (¢) compensator currents, (f) its
kVA rating, and (g) equivalent per phase resistance (in ohms) of the
compensated load.

e
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Now, we come to the solution typically another example of 10th numerical example, a
three-phase ac supply system where line voltage of 415 and 50 Hertz and feeder impedance of
0.5 ohms and 2.5 ohms inductive reactance after which unbalanced delta connected load Z ab

15 ohm, Z bc 20 ohm and Z ca of 25 ohms is connected.

Calculate a voltage drop across the source impedance, the voltage across the load if shunt
compensator consisting lossless passive element is used to supply the loads and to raise the
voltage at the same as the 415 volt. And also calculate the supply line current, the value of
compensator element, compensator currents, and its kVA rating, equivalent per phase

resistance of the compensator load after this 0 voltage regulation like in that case.



(Refer Slide Time: 21:09)
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[FL] Well, this is the typically again network. We have a balanced source impedance, I mean
which is responsible to reduce the voltage, but we have to regulate the 0 for the 0 voltage
regulation. And we have a typically this unbalanced load. And putting the compensator

element, we should be able to balance the load.

And then we should be able to regulate the voltage[FL] we have to find out the I mean the
compensator elements value in susceptances, which is lossless element I mean in terms of

these elements like.



(Refer Slide Time: 21:33)

Solution: Given that, supply voltage, V, = 415 V, frequency of the

supply, £=50 Hz, a three-phase, three-wire, unbalanced delta connected

load of (Z, ;,~=15 ohms, Z;, =20 ohms and Z; ,=25 ohms) with feeder

(source) impedance of (.5 ohms resistance and 2.5 ohms inductive
reactance/phase.

Load admittances, Y ,;,=0.0667mhos, Y;,=0.05mhos and Y, = 0.04

mhos.

Compensator susceptances for the load balancing and power factor

correction,

Bean™ ~ Buay (GrerGra\3, By = ~ By H(Gra G 3,

B~ = BLeit(Gue-Grp) 3

Substituting the values, B, = — 0.0058mhos, By, = 0.0154mhos,

B ™ — 0.0096mhos.

Star equivalent conductance after load balancing/power factor
correction, Gpp= Gy Gy +G,,= 0.1567 mhos.

*’ #f) The star equivalent resistance after load balancing and power factor ¢ JEEE
wieL  comection, R =1/G;;=6.3830 Q2.

[FL] Given that supply voltage of 415 volt frequency of 50 Hertz and a three-phase,
three-wire unbalanced delta connected load with the impedance of across [ mean line of ab is
15 ohm, line bc is 20 ohm, and line ca is 25 ohm with the feeder source impedance of 0.5
ohms resistance and 2.5 ohm inductive reactance per phase. And load admittances will be
corresponding to the reciprocal of this Y Lab will be 1 upon Z lab equal to will comes around

0.0067 mho, and similarly Y Lb comes 0.05 ohm mho, and Y Lca comes 0.04 mho.

[FL] This compensator susceptance of load balancing and power factor correction comes that
we derive the relation for three-wire system in terms of these load susceptance and
conductance. And after putting value, it comes like bl cab 1 0.058, and blcb 1 0.05 mho and

we say zero point so we can call it according to star equivalent conductance after the load



balancing and power factor correction it comes G LT some of the all three load conductance it

comes 0.1567 mho.

And the star connected equivalent resistance after load balancing and power factor correction

R LT equal to 1 upon G LT that is come 6.383 ohm like.

(Refer Slide Time: 22:49)

Let the substance of value B, mhos is to be connected in parallel to the
star equivalent load Gy=Gi (as per phase representation) to raise the
load voltage equal to the input voltage (V;=Vy). The basic equation to
regulate the load voltage equal to input voltage is as,
ViEVYHRAE )Gy iBy) LGBy IV
Solving this equation, the value of B, is as,
B = [X (VX (X R (2R Gy R G Xy ) V(KPR
Substituting the values of X¢=2.5 Q, R¢=0.5 Q and G;y=0.1567 mhos
and considering “-” sign in “+”, for lower value of the compensator,
the value of Byisas, B,=0.0695 mhos.
X UjBy= 71438 Q
Zi1=Rir* (5 Xo)/(Ry7 - 1 Xq) = 5.3328 - j2.3666 = 5.834.£-23.94° Q
Supply line currents after compensation,
I,= V/(ZV3)Z 0°A =239.6/ 0°(5.834 /- 23.94°) =

o~ 4106 £23.94°A

) ereee
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Let the susceptance value of B cv mho to be connected in parallel to the star equivalent load
that is G LY equal to G LT as per the phase representation to raise the load voltage equal to
the your input voltage. The basic equation to regulate the load voltage to equal to the input

voltage is that load voltage magnitudes will be (Refer Time: 23:02) voltage.

And we can find out the load voltage in terms of source impedance, and the load admittance

along with the compensator element which is shown this in equation. And the derivation



solving this equation which we derive many times the value of B cv become X S plus minus
under root X S square plus X S square plus R equivalent to 2 R S G LY plus R S square G
LY square plus X S square G LY square and divide by X S square R S square.

[FL] Substituting the value of X S is equal to 2.5, R S equal 0.5, and G LY 0.01567. And
considering the minus sign in plus minus for lower value of compensator the value of B cv is
as B cv equal to 0.60695 mho. And that will be j X cv equal to 1 upon j B that comes minus j
a 14.38 ohm. And Z LC, I mean along with R LT and that is this admittance comes around
5.3328 ohm minus 2.3666 ohm. And which comes 5834 at the angle of 23.935 ohm.

And supply line current after the compensation will be I s equal to because now load voltage
is same as the source voltage[FL] it comes V sa upon Z LT into root 3 at the angle of 0, it
comes 239 after putting the value of this both element[FL] it comes 41.06 at the angle of
23.935. I mean the it means the typically the load have to be made this current have to be

made leading only then you will get the 0 voltage regulation like that is meaning of that like.



(Refer Slide Time: 24:40)

4
(a) The voltage drop across the source impedance, V,¢=1.*2=104.70 V.
(b) The voltage across the load, V;=1*Z;1=239.6 V/phase.
(c) Supply line currents after compensation,
L=VAZV3)223.980A = 41.06/23.94 °A, T,= 41.06./-96.06°A,
L= 41.06 /-216.06° A.
Susceptance for the voltage regulation is as, By, = B,,/3=0.0232 mhos.
Total susceptances for the load balancing and voltage regulation are as
follows,
BayBuaBear=0.0174 mhos, Bey=ByatBeya = 0.0386 mhos,
Beea=ByatBe=0.0136 mhos.
Values of elements of compensator, Cep= Beyy/0=55.391 uF, Cqp=
By @=122.78 uF, Ci= Beey/=43.13 uF.
(e) The compensator phase currents,
Toas= ViBeyy=7.2216 A, Tope= Vi*By=16.00 A, To= VoBee,= 5.62 A
(f) The compensator VA rating, Qc=V([legHIepd Hlcea)=11974 VA=11.974
kWA
f’%) (g) The equivalent delta connected resistance (in ohms) of the compensated & IEEE
2y load, R,=3/Gr=19.14 Q. Kb Ty

[FL]We can now calculate the voltage drop across the source impedance is [ s Z s,[FL] it
comes one putting the value of [ s and Z S, we get this 104.7. And voltage across the load
comes like now I s into Z LT that comes same as the supply voltage | mean 415 by root 3 that

is nothing but 239.6 phase after the voltage regulation.

And supply line currents after compensation come [ sa V L upon Z LT in root 3[FL] it at the
angle of 23.93 it comes 41.06 at the angle of 23.93. And other two phases will be at just
exactly 120 degree apart with the same magnitude.

[FL] Susceptance for voltage regulation will be as B V delta equal to B cv by 3, and it will be
0.23 mho. And total susceptance for load balancing and voltage regulation we can calculate

some of the, this and which are used earlier for load balancing. And we come get the three



value typically 0.0174 across line b, and across line be it comes 0.036 mho; and across line cl,

1t comes 0.0136 mho.

Value of element compensator elements comes Cab equal to B cab omega that is come fifty
five point 55.391 micro Farad. And for across your line ab, it comes 122.78 ohm; and line ca
is comes around 43.13 micro Farad. And compensator phase current will be this line voltage
multiplied this compensator element, it comes 7.2216; and then for line bc, it comes 16

ampere; and line ca it comes 5.62 ohm.

And compensator VA rating is absolute sum of all these three current multiplied the
voltage[FL] it comes like your 11.974 kVA. And equivalent delta connected resistive load of

the compensator that is R eq is 3 upon G LT it comes 19.14 ohm.

(Refer Slide Time: 26:32)

Q.11 A three-phase, three-wire, unbalanced isolated neutral star
connected load (Z,75.0+j2.0 pu, Z;=4.0+j1.2 pu and Z_=6+j2 pu)
has an input line-line voltage of 415V, 50Hz, AC supply and base
impedance of 5.30 ohms per phase. It is to be realized as balanced
unity power factor load on the three-phase supply system using a
shunt compensator consisting lossless passive elements (L or C).
Calculate (a) supply line currents, (b) compensator currents, (c) the
value of compensator elements (in Farads or Henries), (d) its kVA
rating, and (¢) equivalent per phase resistance (in ohms) of the
compensated load.

5
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Well, coming to the another example, | mean example number-11, a three-phase, three-wire
unbalance isolated neutrally star connect neutral isolated neutrally star connected load with a
Z a equal to 5.0 plus j 2 per unit, and Z b 4.0 plus j 1.2 per unit, and Z ¢ 6 plus j 2 per unit has
an input line voltage of 415 volt, 50 Hertz, AC supply and base impedance of 5.3 ohms per
phase.

And it to be realized as a balance unity power factor load on the three-phase supply system
using a shunt compensator consisting a lossless element.[FL] Calculate the supply line
current, compensator current, value of compensator element, its kVA rating, and e equivalent

per phase resistance of the compensated load.

(Refer Slide Time: 27:19)
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So, these are typically the network that we have unbalanced isolated star connected load with

the compensator which is responsible for maintaining the unity power factor and balance



current in the supply system. And after designing, getting the value, these waveform are
plotted which give you the typically the unity power factor current in phase with the, your
supply volt current like supply voltage.

(Refer Slide Time: 27:40)
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Solution: Given that, supply voltage, V, = 415V, frequency of the
supply, £=50 Hz, a three-phase, three-wire, unbalanced delta connected
load of {Z;,=(5.0+j2.0) pu, Z;;=(4.0-j1.2) pu and Z; =(6+j2) pu}with
base impedance of 5.3 ohms per phase.
Load impedances in star connection, Z,=(26.5+j10.6) Q,
7,=(21.24j6.36) Q and Z=(31.8+j10.6) Q.
Load admittances in star connection, Y, = (0.0325 - j0.0130) = 0.035
£=21.80° mhos, Yy,= (0.0433 - j0.0130) = 0.0452 £-16.7° mhos and
Y= (0.0283 -0.0094) = 0.0298 /~18.43° mhos.
Load admittances in equivalent delta connection,
Yo (Y (Yt Yt Yo), Vi (Vo Y (Yt Yt Yo),
Yca:(YcYu)/ (Ya+Yb+Yc)'
Y,;=(0.0136-j0.0049) mhos,
Y,=( 0.0118-0.0034) mhos and
s~ Y= (0.0088-j0.0035) mhos.
%) Guy=G,tGy tG=0.0342 mhos SIEEE
NPTEL oy

[FL] Coming to the solution given that the supply voltage V s equal to 415 volt, and
frequency of 50 Hertz, a three-phase, three-wire unbalanced delta connected load with a value
of Z La equal to 5.0 plus j 2 per unit, and Z Lb 4 per unit plus j 1.2 per unit, and Z Lc 6 plus j

u per unit with a base impedance of 5.3 ohm per phase.

And getting a load impedance in star connection with a value of per unit multiplying[FL] it
comes Z a equal to 26.5 plus j 10.6, and Z b is 21.2 ohm plus j 6.36 ohm, and Z ¢ 31.8 plus j
10.6 ohm load admittance will be just reciprocal of them[FL] that will be like typically 0.035
mho at the angle of minus 21.80 degree.



Similarly, for your b phase, it will be your 0.04 point two at the mho at the angle of minus
16.67, and your ¢ phase will be your 0.0298 at the angle of minus 18.43 mho. And we can
find out load admittance in equivalent delta connection by converging delta to star connection

by these formula.

Star to delta conversion, and we get the three these 3 mhos were actually for the line
admittances. And from this we can find out the conductance of all three line from these three
first element and that comes to equivalent to 0.0 typically of your 342 mho, which comes

after the typically of load balancing.

(Refer Slide Time: 29:13)
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(a) Supply line currents after compensation, I,=(V G ,/\3) Z0°A =
1£0°A, [=T Z120°A, I, =T £240°A.
1,=(V,Gy V3)Z0°A = 8.1847£0°A, 1= 8.1847£120°A,
1= 8.1847£240°A.
(b) Compensator susceptances, By,=-By, H(G,-Gy )3, Beye—
Bbc f (Gab'Gcn)/ \B > BCca:'Bca’ (Gbc'Gab)/ \/3
Substituting the values, B,,=0.0032, B, ~0.0062, B,=0.0024 mhos.
Values of elements of compensator, Cry= Be,y/0=10.09 pE, Cop=
By /0=19.622 pF, C¢;= B,/ 0=7.77 pF.
(c) The compensator phase currents,
Low= Vi*Beyy=1.3161 A, oy = V. *B, =2.5582 A, I = V*Be=
1.0131A.
(d) The compensator VA rating, Q=V(|Tegp|HIepetleea 720283
VAR=2.02 kVAR.
~ (¢) The equivalent delta connected resistance (in ohms) of the
{ #f) compensated load, R, =3/Gyr=87.82Q.

NPTEL

And we can find out line current after compensation that is I sa V sa into G LT by root 3, and
all three will be balanced.[FL] We can put the value of this Vs G LT 1 by root 3, it comes 81;
8.1847 at the angle of 0. Similarly, for b phase at the angle of 120, again I the angle of your



240 degree. And come compensator susceptances from this relation, we can find out typically
in the mho putting the value of this, and it comes typically you can call it the capacitance say I
mean if you calculate 10.4, ab, across the ab[FL] it comes 10.09 micro Farad, and bc it comes

19.2622 micro Farad, and your line ca it comes 7.77 micro Farad.

And total compensator phase current I mean V s into this you can call it the your
susceptances,[FL] it comes 1.3161 ampere. And for line bc, it comes 2.5582 ampere. Line ca,
it comes 1.0131 ampere. The compensator VA rating comes as absolute value of these current
multiply voltage,[FL] it come to 2028.3; and VA VAR rating that is 2.02 kVAR. An
equivalent delta connected load comes RE equal to 3 upon G LT and that comes 87.82 ohms

like on.

(Refer Slide Time: 30:29)

Q.12 A three-phase, four-wire, 415V (line-line), 50 Hz ac supply
system has a single-phase 7.5 kW unity power factor load connected
across line and neutral. If it is required to eliminate neutral current
using a shunt compensator consisting lossless passive elements (L or
(), calculate (a) supply line currents, (b) the value of compensator
elements (in Farads or Henries), (b) compensator currents, and (d) its
KkVA rating.
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Well, coming to typically the example number example-12, this is on four-wire system in
three-phase four-wire system for 15 volt, 50 Hertz ac supply system has a single-phase load
7.5 kilo Watt load unity power factor load connector across line to neutral. And it is required
to eliminate the neutral current using a shunt compensator consisting of lossless passive
element. And calculate the supply line current, the value of compensator element, and

compensator current, and its kVA rating.

(Refer Slide Time: 30:58)
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[FL]Here you can see the network here, I mean the load is connected between a and neutral.
And by putting the compensator elements across the two line, we can eliminate the, this
neutral current. This can be made 0. And after getting the value, it is shown here, and

typically the neutral current is eliminated completely here in this case.



(Refer Slide Time: 31:19)

4

Solution: Given that, the supply phase voltage, Vsp:415/\f3 V=239.6
V, frequency of the supply, £=50 Hz, a single-phase 7.5kW unity power
factor load connected across line and neutral terminal.
The load impedance/phase is as, Z; = V,*/P =239.6*/7500=7.65 Q.
The load admittance/phase is as, Y; =0.13mhos.
[t requires two susceptances across other two phases and neutral
terminal to eliminate the neutral current and a susceptance across the
loaded to correct the power factor to unity of single-phase load.
However, the load is a unity power factor load hence only two
susceptances for neutral current compensation are required.
(@)  Supply line currents after compensation,
[=(VGra) 20°A, I4=(V,Gy J\3) Z150°A,
Lo =(Vy,GrN3) 2210°A.
L=(VGp4/3) Z0°A=31.30£0°A,

o~ lo=(VyGr/ \3) Z150°A =18.07£150°A,

4‘?) I¢ :(VSPGLH/\B) Z210°A = 18.07£210°A. <& IEEE

ing Technology
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So, this is the only case of only eliminating the neutral current. You may have a reasonable
solution.[FL] Here we have come with a unique solution given that supply voltage 415 by
root 3, because it is a star connected load[FL] we have to find out per phase or you can call it
the phase voltage[FL] that comes 239.6 volt, we can see 50 Hertz and single-phase load of 7.5

kilo Watt unity power factor load connector across the line to neutral.

[FL] We can find out the load impedance V s square by P. And putting the value, we can get
this ohmic value 7.65 ohm. And the load admittance per phase comes of reciprocal of 0.13
mhos. It requires two susceptances across the other two phases and neutral terminal to
eliminate the neutral current and susceptance across the loaded to correct the power factor to
unity of single-phase load.[FL] However, the load is a unity power factor load hence the only

two susceptance for neutral current compensation are required.



[FL] The supply line current after the compensation that is for a phase V sp G L upon at the
angle; and I sb at the V s GL upon root 3 at the 15; and I sc V s G L upon root 3[FL] putting
the value of this, we get typically the current in a phase 31.30 that is the typically the load
current. And this is for b phase 18.067 at angle of 150 degree, and ¢ phase 18.067 at typically

at 210 degree because those are.

(Refer Slide Time: 32:42)
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(b) Compensator susceptances, B, =B, (G, ,-G; J\3, B4= By,
+(Gy-Gy )3, Bo =By +H(Gy,-Gy,)V3 Substituting the values,

B, 0.0 mhos, B;,=-0.0754 mhos, B..= 0.0754 mhos.

Values of elements of compensator, L= 1/(B®)=42.2 mH, C.=
B, /0-240.09 yuF.

(c) The compensator phase currents,

Loy Vy*Bey~ 0.0A, 1oy =V,*Bey=18.07 £150° A, 1o~V *B, ~18.07
Z210°A.

(d) The compensator VA rating, Q¢ =V (|LeyHIep e 78660 VA=8.66
kVA.

7
7y
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And compensator susceptances we can find out from this relation which we derived already
earlier. And we can find out B Ca is 0 because we do not need it is already resistive load. And
B Cb typically minus 0.7454 mho, and B ca is 0.0 plus 0.075 mho. And value of elements
will be across you have to put across the typically across the B to neutral it is a, inductance

[FL]that comes 4.22 milli Henry.



And across the capacitance across the line ¢ to ground is 240.09 and that cause the neutral
current to go to 0, I mean like neutral current flows other two phases. The compensator of
course, we can find out the element here in a phase 0; b phase we get the value for
corresponding to this per phase voltage multiplied this susceptance, and ¢ phase we are

getting this.

And compensator element, we can take absolute value multiplied this voltage it comes 8.66
kVA.[FL] This example give you idea that neutral current can be compensated with lossless

passive element even for single-phase pure resistive load like.

(Refer Slide Time: 33:44)

Q.13 A three-phase, four-wire, 415V (line-line), 50 Hz ac supply
system has a single-phase 25 kVA, 0.8 lagging power factor load
connected across line and neutral terminal. If it is required to
elimmate neutral current using a shunt compensator consisting
lossless passive elements (L or C), calculate (a) supply line currents,
(b) the value of compensator elements (in Farads or Henries), (c)
compensator currents, and (d) its kVA rating.

%
NPTEL

Coming to another example of 13 a three-phase four-wire 415 volt, 50 Hertz ac supply system
has a single-phase 25 kVA, 0.8 lagging power factor load connected across line to neutral

terminal. And if it is required to eliminate neutral current using a shunt compensator



consisting of lossless passive element. Calculate a supply line current, b the value of

compensator element, and ¢ compensator current, and d its kVA rating.

(Refer Slide Time: 34:10)
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[FL] This is typical here the example I mean with neutral with load is connected between a
phase and neutral that is a inductive load. And then of course, with this compensator value,
we have to make unity. And after that we have to use two other compensator to make this
neutral current 0, [FL] that is required to realize it as a unity power factor load on the supply

and making neutral current as 0.



(Refer Slide Time: 34:36)

. J
Solution: Given that, the supply phase voltage, V,~415/43 V=239.6
V, frequency of the supply, £=50 Hz, a single-phase 25 kVA, 0.8
lagging power factor load connected across line and neufral terminal.
The load impedance/phase, 7, , =1.9166+j1.2534 =2.29 £36.87° Q.
The load admittance/phase, Y, 0.3484-j0.2613 = 0.435£-36.87°
mhos. o =
It requires two susceptances across other (wo phases and neutral
terminal to eliminate neutral current and a susceptance across the
loaded to correct the power factor to-umity of single-phase load.
a) Supply line currents after compensation, a
17V Gry) £0°A, Isb=(VspGLa/\/3) ZI50°A,

L, (VG \3) £210°A.

]SE(VSGM/\B) L0°A=B3.4766L0°A, [;=48.1953 L150°A,

L= 48.1953 2210°A.
o (b) Compensator suscyeptances, Be= -BL;L(GH-GI A3,
(F) Bom By H(GreGra/\3, BBy (G Gry)3
weieL  Substituting the values,

[FL] Coming to the solution part given that supply voltage is your 415 by root 3 that 239.6,
we can say supply 50 Hertz and a single-phase load of 25 kVA, 0.8 lagging power factor load
connected across line to neutral. And the loading your impedance is your one 1.9166 plus j
1234 that comes 2.29 ohm at the angle of 36.87 degree. And the load admittance will be
reciprocal of this,[FL] it comes 0.435 at the angle of 30 minus 36.87 mho.

It requires two susceptance the other two phases and the neutral to eliminate the neutral
current and susceptance across the load phase to make unity power factor of single-phase

load.[FL]This comes like a typically the all the three-phase current like of the supply.



And it comes after putting the value it comes 80 typically 86.477 ampere at the angle of 0.
And similarly for b phase, 48.1953 at the angle of 150 degree; and I sc at the 48.19 typically

at the angle of 240 like. And compensator susceptance is will be from this relation.

(Refer Slide Time: 35:47)

. J
B;70.2613 mhos, B.,,=-0.2011mhos, B, =0.2011 mhos.

Values of elements of compensator, C.,= B,/o = 831.74 pF, L=
V(Bgyo)~15.12 mH, €.~ B /o= 640.12 pF.

(c) The compensator phase currents,

Ter~Vg*Beim 62.60 £90°A, I,V *Bey = 48.19.£150°A, I,V *B.
=48.19 Z210°A.

(d) The compensator VA rating, Qg = V([Ig, Iy Hlcd) = 38091.608
VAR =38.09 kVAR. i == e

—_

o
{
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I mean it will be your capacitance value will be 831.74 micro Farad, and inductance for line
cb will be your 15.1 milli Henry, and line cc will be 64 say 401.2 micro Farad. And
compensator current putting the value it comes like a similarly 48.19 am ampere at the angle
of 150 degree. Similarly, for ¢ phase, it comes 48.19 at the angle of 240 degree.[FL]
Compensator VA rating V into absolute value of the I mean current will be 38091.608 VAR,
or 38.09 kVAR.



(Refer Slide Time: 36:29)

Q-14 A three-phase, four-wire, shunt compensator consisting of
lossless passive clements (L or C) is employed at 415 V, 50 Hz
supply system to provide load balancing and unity power factor of a
single-phase 24kW unity power factor load connected across line
and neutral terminal as shown in Fig. Calculate (2) the value of
compensator elements (in Farads or Henries), (b) compensator
currents, (c) supply line currents, and (d) its kVA rating.
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The another example of four-wire system[FL] example number-14, a three-phase four-wire,
shunt compensator consisting of lossless passive element is implied at 415 volt, 50 Hertz
supply system to avoid load balancing and unity power factor of a single-phase load of 24
kilowatt unity power factor load connected across line and neutral as shown typically here on

the resistive load.

Calculate the value of compensator element, compensator current, and supply line current,
and its kVA rating.[FL] Here we are typically providing the load balancing and power factor

correction also in spite of single-phase line to neutral load.
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Solution: Given that, the supply phase voltage, Vsp:415/\/3 V=239.6
V, frequency of the supply, £=50 Hz, a single-phase 24 kW unity power
factor load connected across line and neutral terminal.
The load impedance/phase, Z;, =2.392 Q. The load admittance/phase,
Y,.= G;, 1B, ,= 0.418+j0 mhos.
It requires two set of susceptances one in star connected (Y) and other
set of delta connected across the lines to climinate neutral current and
load balancing.
() Compensator star connected susceptances for neutral current and
power factor correction,
Beay=Bri (G Gr)/3, Beyy = Byt (GreGr) 3,
Beoy =By H(Gy,-Gp, N3
Substituting the values,
Beuy= 0.0 mhos, By =-0.241 mhos, By = 0.241 mhos.
oS Values of elements of star connected compensator,
{3} Coy™ Beyy/® = 0.0 pF, Loy = V/(Beyw) = 13.188 mH, Cpoy™ Beoy/o =
was 768291 .
e e e e R ||

[FL] Coming to the solution that given the supply voltage of phase voltage from line voltage
415 by root 3 236.9 volt and frequency of 50 Hertz a single-phase load of 24 kilowatt at unity
power factor connector across the line a to neutral and we can find out the load virtually
impedance that comes to 2.392 ohm because it is a resistive load you of because of unity

power factor.

And we can find out admittance here[FL] the conduct conductance part only there 0.18, and
but the susceptance part is 0 because there is no reactive power in the load.[FL] it requires
two sets of susceptances. One is star connector, another in delta connector sets across the line
to eliminate the neutral. And compensator star connected susceptances for neutral current and

power factor correction I mean from these derived relation we can get the value.



And here for a phase, it comes 0 because it is a resistive load,[FL] there is no need of any
compensator element. Across the bc, it comes 0.241 ohm; and for ca it comes 0.241 ohm.
And value of element is star connected compensator coming from this value is 0 micro Farad
for obviously for a phase; for b phase inductance of 13.18 micro milli Henry; and capacitance

across the c to ground it will be neutral, it will be 768.291 micro Farad.
(Refer Slide Time: 38:22)

Compensator delta connected susceptances,

Beatn™2(Gr-Gry)3V3, Beye™2(Gy G333, B =2(GiGi )33
Substituting the values,

Beapp = 0.161 mhos, By, = 0.0 mhos, B, =-0.161 mhos.

Values of delta connected compensator elements,

Ceatn = Beay/® = 512.194 pF, L i = 1/(Beap®) = 19.782 mH.

(b) The compensator star connected phase currents,
Loy Vip*Beay = 0.0 A,
loy= Vip*Bopy= 578314,
lo= Vyp*Beey= 57.831A.
The compensator delta connected phase currents,
o= V3V, *Bep = 66.778 A,
Iepe= V3V *Byp = 004,
{’;% leer™ V3V *Boap = 66.7T8 A.

NPTEL
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And compensators which is delta connected susceptances from this relation which we derived
in the last class we can put the value. And we get the of course, these all susceptances. And
the value of delta connected element as a capacitance 400, 512.194 micro Farad; inductance

across the typically here 19.7282 milli Henry.

And from this we can find out the star connected compensator element currents from this

relation. And the star connected compensator for a phase have a 0 current because there is no



compensator element. And for b and c, it comes 57.831 ohm. Similarly, for delta connected

compensator for line beD is 0; and for other two, it come 66.77 equal currents like.

(Refer Slide Time: 39:08)
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(c) Supply line currents after compensation,
L~(VypGri3) £ 0° =3338920° A,

L= (Vy,Gr3) £120° A=33.389 £-120° A,
L =(VGr/3) 2120° A=33389 £120° A.

(d)The compensator VA rating,

QC :vsp(uCa +‘ICbH|ICcl)+V’3Vsp(|ICabIJr]ICbcMICca‘)
=27712.657+55425.740 VA = 83.138 kVA.

And now we can find out typically the supply current after the compensation from this
relation, it comes 33.389, and with the angle of minus 120 degree and plus 120 degree for
balance load at unity power factor on the supply system. And the compensator element, we

can find out with the absolute current multiply the phase voltage.

And from this for star connector and for delta connector, it comes after addition 83.138
kVA.[FL] In this case what we have done, we have taken a load balancing, we have taken a
power factor correction I mean as well as neutral current elimination.[FL] All three functions

we did with this compensator like.
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Q.15 A three-phase, four-wire, shunt compensator consisting lossless
passive elements (L or C) is used at 415V, 50 Hz supply system to
provide load balancing and power factor correction of a single-phase
25 kVA, 0.8 lagging power factor load connected across line and
neutral terminal. Calculate (a) supply line currents, (b) the value of
compensator elements (in Farads or Henries), (c) compensator
currents, and (d) its kVA rating.
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Coming to the typically a numerical example number 15, a three-phase four-wire, shunt
compensator consisting of lossless passive element is used at 415 volt, 50 Hertz supply
system to provide load balancing a power factor correction of single-phase load of 25 kVA,

0.8 lagging power factor load connected across line to neutral.

And calculate a, supply line current, the value of compensator element, and compensator
current, and its kVA rating to provide the load balancing and power factor correction means

to realize the unity power factor load.
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And this is the circuit of the configuration that we have a typically here I mean for realizing it
as a 5 element I mean otherwise the solution will not be needed.[FL] We already discussed
earlier when we were discussing the condition[FL] we take a 5 element I mean 5 elements
virtually delta 3A and star connection only 2 elements, so it becomes then unique solution

because there are 5 elements and there are 5 equations like.
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Solution: Given that, the supply phase voltage, Vsp=415/3 V=239.6
V, frequency of the supply, £=50 Hz, a single-phase 25 kVA, 0.8
lagging power factor load connected across line and neutral terminal.
The load impedance/phase, 7, =1.837+j1.377=2.29 /36.87° Q.
The load admittance/phase, Y;,= 0.3484- j0.2613 = 0.435.£-36.87°
mhos.
[t requires two set of susceptances one in star connected (Y) and other
set of delta connected across the lines to eliminate neutral current and
load balancing.
a) Supply line currents after compensation,
L=(VGrp3) 20°A, 14=(VGrp/3) £-120°A,
I =(Vy,Gi/3) Z120°A.

14=(Vy,Gir/3) £0°A =27.826 Z0°A, 1= 27.826 Z-120°A,

I

«= 27.826 Z120°A.
#_ b) Compensator star connected susceptances for neutral current and
‘!9 power factor correction, & IEEE
NPTEL e P

And putting the value of course I mean in this relation given that the supply voltage is V sp
415 by root 3, and frequency of supply 50 Hertz, and single-phase load of 25 kVA, 0.8
lagging power factor connected across line to neutral of a phase.[FL] We can find out load

impedance from this relation it comes 2.29 at the angle of 36.87 ohm.

And load admittance one reciprocal of this 0.435 at the angle of minus 36.87 ohm. It requires
two set of susceptances; one again in star, another in delta across the line to eliminate the
neutral current and load balancing. And typically after supply current after compensation is a
balance current, and it comes 29 point after putting the value 29.114 at the angle of 0, then
minus 120 degree and plus 120 degree as a balance current. And compensator star connected

susceptance of neutral current and power factor correction.
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Beay B HGry-Gr)/ 3, By BisH(Gy-Gr)\3, Beoy =By H(Gppr
Gy)N3 Substituting the values G
Biay0.2613 mhos, B,y=- 0.2011 mhos, B,= 02011 mhos.
Values of elements of star connected compensator,
Cea™ Beay/0™ 8174 yE, Loy~ V(Byye)715.83 mH, Coy
Beoy/0=640.12 pF.
Compensator delta connected susceptances,
B 2(Gy-Gpy)/3\3, By ™2(Gry G /33, By 2(Gy G313
Substituting the values,
Biup~0.1341 mhos, By, ;0.0 mhos, B;p= -0.1341 mhos.
Values of delta connected compensator elements,
Ceatn Bean/0=426.85F, Lecun=1(Byp)~23.74mH.
(c) The compensator star connected phase currents,
Ieg= V" Beay™ 62.61 A, Iy= Vg *Beyy= 48.184 A,
,{“' [Cc: Vsp*B(‘cY: @4 A

NPTEL

The value after keeping the relation I mean these comes typically the capacitance comes to
831.74 micro Farad. And for inductor for line bY, it comes 15.83 milli Henry; and line c, it
comes 64; 640.12 micro Farad. Assembling compensator for keeping in this relation for delta

connected capacitance.

[FL] The value comes off typically line ab, it comes like a 4 426.85 micro Farad; and the
inductance for line ca, it comes 23.74 milli Henry. And the compensator is the star connected
phase current putting the value this it comes 62.61 ampere; and for line cb, it comes 48.18

ampere; and line ca, it comes 48.184 ampere.
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The compensator delta connected phase currents,

ICab: VS*BCahDiS/;65 A' I(‘,hc: VS*BCth:,O;OA"r ICca: VS*B(‘an: 35.63
A = i
(d) The compensator VA rating,

QY el 3V, leg s Hlced)

=38091.13+46189.50 VAR =84280.63 VAR = §4.28 kVAR.

NPTEL

And the compensator delta connected putting the value,[FL] it comes for line ab 55.65
ampere; and for bc, it is typically 0 because there is no element; and line ca, it is typically
55.65 ampere. And the compensator VA rating the phase voltage multiplied the three-phase
current for star equivalent, and the line voltage multiplied the absolute value of all the three
line current of compensator.[FL] Putting the value of this, it comes like a typically 84.28

kVAR compensator rating like.
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Q.16 A three-phase, four-wire, unbalanced load has an impedance
(Z,75.0+12.0 pu) connected between phase a and neutral terminal
with an input line-line voltage of 415V, 50Hz, AC supply system and
a base impedance of 5.3 ohms per phase. It is to be realized as a
three-phase balanced unity power factor load on three-phase supply
system using a shunt compensator consisting lossless passive
elements (I or C). Calculate (a) the value of compensator elements
(in Farads or Henries), (b) supply line currents, (¢) compensator
currents, (d) its kVA rating, and (¢) equivalent per phase resistance
(in ohms) of the compensated load.

NPTEL

Coming to another example say number 16 in four-wire system, a three-phase, four-wire,
unbalanced load has an impedance of Z a equal to 5.0 plus j 2 ohm connected between phase
a to neutral terminal with the input line voltage of 415 volt, AC supply system and a base

impedance 5.3 ohms per phase.

And it to be realized as a balance three-phase unity power factor load on the three-phase
supply system using a shunt compensator consisting lossless passive element. Calculate, a,
the value of compensator element; supply, b, supply level current; ¢, compensator current; d,

kVA rating; and e, equivalent per phase of the compensator load.
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So, this is the network here again we are taking only five element, all three dealt typically all
three star element; in delta we are taking two element.[FL] One current of delta element will
be 0 I mean like or so. And after getting the solution or getting the value this wave form are

run from typically putting the value in the circuit network.
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Solution: Given that, the supply phase voltage, VSP:415/\/3 V=239.6
V, frequency of the supply, =50 Hza single-phase impedance
(Z1:=5.0+]2.0 pu) connected between phase a and neutral terminal with
a base impedance of 5.3 ohms per phase.
The load impedance/phase, Z; , =(26.5000 +j10.6000) = 28.54 £21.80°
Q.
The load admittance/phase, Y;,= 0.0325 - j 0.0130 = 0.035.£-21.80°
mhos.
It requires two set of susceptances one in star connected (Y) and other
set of delta connected across the lines to eliminate neutral current and
load balancing.
(a) Compensator star connected susceptances for neutral current and
power factor correction,
Bear=-BisH{(GiyGrN3, Bey= ByH(Gye-Gr) 3, Beoy=Byo#(Gye

o~ Gp)h3 Substituting the values,

{99 Be,y=0.0130 mhos, Beyy=-0.0188 mhos, B¢.=0.0188 mhos. $IEEE

ing Technology
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[FL]Coming to the solution. Given that supply voltage of 415 volt by root 3 that is the phase
voltage 239 because it is a star network, and frequency supply say some 50 Hertz, a
single-phase impedance of the load is 5.0 and plus 8 2 per unit connected between phase a
two neutral with a base impedance of 5.3 ohm per phase.[FL] We can find out the load

impedance.

And then the load admittance and require two set of star connected compensator; one in star
connector, another in delta connection. And compensator we have considered for star
connection for the neutral current composition, power factor correction. And the value for star

connected compensator comes about the typically a value of this.
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Values of elements of star connected compensator,

Ceyy = Beay/® = 4142 pF, Ly = U(Bgyy®) = 169.5 mH, Cpy =
Beoy/®=59.78 LE.

Compensator delta connected susceptances,

Byun=2(Gp,-Gr)/3V3, By 2(Gpy-Gr.)/3V3, By =2(Gy -Gy, )/3V3
Substituting the values,

Biypp=0.0125 mhos, By, p=0.0 mhos, Bep=-0.0125 mhos.

Values of delta connected compensator elements, Cpyp = Beyn/® =
39.85 uF, Legp™ 1V/(Bep®) =254.64 mH.

(b)The compensator star connected phase currents,

Ie; =V Beay™ 3115 A, Iey= Vi *Beyy=4.5A, Ie= Vi *Broy™4.5A.
The compensator delta connected phase currents,
lew™ Vsp*BCabD75~ 188 A, Iy vsp*BCbcDio‘OA’ lew
VB3 188A. -
0
Mféﬂ?ﬂ,.

And from this, we can find out the capacitance for a phase 41.43 micro Farad. And
inductance for b, 169.5 milli Henry; and for phase c, it comes 59.78 micro Farad. And delta
connected compensator we have of course typically compensator for 2,[FL] it comes like a
line ab, it comes 0.125 mho; and B be, it 0, and your ca 0.0152 mho. And getting the value of

this an element capacitance come 39.85 mega Farad; and line ca, it comes to 54.64.

And of course, there is no element across the your bc line,[FL] compensator the star
connected phase current by putting the value of your susceptances and voltage we get the
three three-phase current 31.5 ampere. Then for b phase, it comes 4.5 ohm; at ¢ phase, it
comes 4.5. And for delta of course we get the four one, we get that 0; other 5.18 and then

5.188 ampere.
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(c)Supply line currents after compensation,
Isa:(VSpGIIB) ZOOA, lsb:(vspGLT/ 3) Z-leOA,
I =(Vy,Gra/3) Z120°A.
L=(VGry3) £0°A =2.598£0°A, 14~ 2.598 £-120°A,
[=2.598£120°A.
(d) The compensator VA rating,
Q(.;Vs(‘lCa|+|ICl\|+‘lCc|)+\/3vs(|lCab|+|lec|_Il(‘,ca‘)zzgoz-75_4306-04
VAR=T7208.79 VAR=7.209 kVAR.
(e) Equivalent per phase resistance (in ohms in star connection) of the
compensated load,
Gey=(GptGrytGr)/3=0.010843 T, R,=1/G,=92.308 Q

Ir'-
99 ¥ IEEE
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And then we can get the all three-phase supply current which is a balance current putting all
these value,[FL] we get the balance current 2.598 ohm at the angle of 0, then minus 120
degree and for ¢ phase at plus 120 degree. And compensator VA rating of course, the phase
voltage the current of a star connected compensator line voltage and delta connected current

compensator, and it comes addition of both it is a 7.02 kVAR compensator.

An equivalent per phase resistance in star connection that comes to be like a sum of all the

conductance by conductance by 3, and it comes typically in resistance say 92.308 ohm.
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Q.17 A three-phase, four-wire, unbalanced load (Za=3.0+j1.0 pu,
Zb=4.0+j2pu and Zc=6+j1.2 pu) has an input line-line voltage of
415V, 50Hz, AC supply and base impedance of 5.3 ohms per phase.
It is to be realized as a three phase balanced unity power factor load
on three-phase supply system using a shunt compensator consisting
lossless passive elements (L or C). Calculate (a) the values of
compensator elements (in Farads and Henries) and (b) equivalent per
phase resistance (ohms) of compensated load.

[FL]In coming to another example of 17, a three-phase, four-wire, unbalanced load of Z a
equal to 3.0 ohm plus j 1 sorry per unit, and Z b 4 per unit plus j 2 per unit, Z ¢ 6 point 1.2 per
unit has a line to line voltage 415 volts, AC supply and base impedance of 5.3 per phase.

And it is realized as a three-phase balanced unity power factor load on the three-phase supply
system using a shunt compensator consisting lossless passive element. And calculate the
value of compensator element, and the equivalent per phase resistance of the compensated

load.
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And this is the network. Again we have a 5 elements here. For star connection, we all 6
element; we have a 3 delta and 3 star connection and for eliminating the neutral current and

power factor correction and balancing the load like I mean or [FL].
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Solution: Given that, the supply phase voltage, V.=41513 V=239.6 V,
frequency of the supply, £=50 Hz.an unbalanced load (Z;;=3.0+j1.0 pu,
Z,;74.0+j2.0 pu and Z, =6+j1.2 pu) has an input line-line voltage of
415V, 50Hz, AC supply and base impedance of 5.3 ohms per phase.
The load impedances/phase, Z;, = (15.9000 + j5.3000) Q, Z;; =
(21.2000 +)10.6000) Q, Z; . = (31.8000 + j6.3600) Q.
The load admittance/phase, Y;, = (0.0566 — j 0.0189) mhos, Y;, =
(0.0377 - j 0.0189) mhos, Y; . = (0.0302 -j 0.0060) mhos.
It requires two set of susceptances one in star connected (Y) and other
set of delta connected across the lines to eliminate neutral current and
load balancing
(a)Compensator star connected susceptances for neutral current and
power factor correction,
Beay Bpa(GuyGro V3, Beyy™ Biy (G Gr)3, Beoy™BrH Gy
o Gyp)A3 Substituting the values,
() By~ 0.0232 mhos, By 0.0036 mhos, Be.y=0.0169mhos. $IEEE
wrie Values of elements of star connected compensator, =g v

[FL] That is typically the solution coming to supply voltage of phase voltage of two to 415 by
root 3 that is 239. And then taking a impedance of this unbalanced load Z La, Z Lb, Z Lc in
per unit, and multiply the base impedance we get the actual ohmic impedance. And from that

we get the admittances.

And after that we get the it require two set of susceptances one in star connection, other in
delta connection across the line to eliminate the neutral current and load balancing. And
compensator in star connector we consider all the three elements, and we get the typical value

of these susceptances.
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Ceay™ Beay/0 = 73.83 pE, Cyyy = Beyy/@ = 11.603 pF, Cooy= Byl =
53.79 pF.

Compensator delta connected susceptances,

Baan2(Gr-Gry) 33, Boyey ™2y G/ 3\3, Beeap=2(Gy -G /343
Substituting the values,

Biypp=0-0073 mhos, Byp= 0.0029 mhos, By ;p=-0.0101 mhos.

The values of delta connected compensator elements, Cp= Beayn/® =
23.237 uF, Copn= Beyen/0=9231E, Lo = 1iBep®) = 315.158
mH.

(b) Equivalent per phase resistance (in ohms in star connection) of the
compensated load,

Gog (GiytGyytGro)/3-0.04152 0, R, ~1/G,= 24.08 Q

i~
0
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And then we are getting a capacitance for a phase 73.83 micro Farad; line B B to neutral, we
get 11.063 micro Farad; and ¢, we get 53.79 micro Farad. And of course, delta connected

compensator we connect only typically the, I mean these relation we get the value of this.

And we get the capacitance value 23.237 micro Farad; and for bc we get 9.23 micro Farad;
and ¢ we get typically inductance 315.158 milli. An equivalent per phase resistance after
getting conductance a equivalent divide by 3 with that we get equivalent to a star and
resistance comes per phase equivalent in star connected mode is come 24.08 ohm.[FL] We
provide the load balancing as well as neutral current elimination, and unity power factor

operation in that case.
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Q.18 A 3-phase AC supply system has a line voltage of 415V at
50Hz and feeder (source) impedance of 0.5 ohms resistance and 2.5
ohms inductive reactance/phase afier which a unbalanced isolated
neutral and star connected load having Z,=12 ohms, Z;=24 ohms and
£,~36 ohms is connected. Calculate (a) the voltage drop across a
source impedance and (b) the voltage across the load if a shunt
compensator consisting lossless passive elements (I or C) is used to
(c) balance at upf and then (d) to raise the voltage to same as input
voltage (415V), in both cases.

i~
0
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[FL] Coming to another example-18, a 3-phase ac supply system have a line voltage of 415
volt at 50 Hertz and feeder impedance point five ohm resistance and 2.5 ohm inductive
reactance after which a unbalance isolated star connected load having a Z equal to 12 ohm, Z

b equal to 24 ohm, and Z ¢ 36 ohm is connected.

Calculate, a, the voltage drop across the source impedance; the voltage across the load if
shunt compensator consisting lossless passive element is used; and balance at unity power
factor and then raise the voltage same as the 415 volt in both the cases.[FL]We are having a

power factor resistance as well as load balancing then power factor correction.
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And after that the voltage regulation same as the this.[FL] We have a typically a star
connected load and we have a logistics element of the compensator I mean after the source

impedance.[FL] We will be having a power factor correction, load balancing, and then after

that we will have a voltage regulation.[FL]

After getting all those relation, these are the typically after design we have plotted the
waveform I mean for the with those compensator values, and becomes as a balance load unity

power factor as well as voltage regulation also.
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Solution: Given that, the supply phase voltage, Vsp:415/\/3 V=239.6
V, frequency of the supply, =50 Hz.a unbalanced isolated neutral and
star connected load having Z,=12 ohms, Z;,=24 ohms and Z; =36
ohms is connected with feeder (source) impedance of 0.5 ohms
resistance and 2.5 ohms inductive reactance/phase.
Load admittances/phase, Y, ,= 0.0833 mhos, Y;,= 0.0417 mhos, Y; =
0.0278mhos.
(a) For power factor corrections and load balancing and neutral current
elimination, the equivalent load conductance in star configurations is
as,
Giy=(Gy, Gy Gy )/3= 0.0509 mhos, R;y=19.6364 ohms.
Total impedance across the supply, Z;= 20.2910 ohms.
Supply current, 1:7V,/7;,=239.6/20.2910 =11.8082 A.
The voltage across the source impedance, V,=1.7.=30.1052 V.
. The voltage across the load impedance, V= Z, *1=R; *=
( 99 BIYTV SIEEE
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So, coming to the solution given that the supply voltage is line voltage 415 by root 3 is the
phase voltage 239.6, 50 frequency of 50 Hertz, and unbalanced isolated neutral star connector
having a Z b, Z ¢ connected this. And load admittance you can get from this impedances, and

for power factor correction load balancing the neutral elimination.

The star equivalent load conductance in a star configuration comes out for balance load and
where the equivalent resistance in the star connection comes 19.6364 ohm. And total
impedance across the supply now we can find out which is some of the resistance plus the
source impedance,[FL] it comes like a supply line current from which we can get.[FL] We

can get the drop after the balancing this voltage drop across 30.1052 volt.

And voltage across the load impedance after the balancing comes only 231.87 in place of

239.6[FL] it means this is around 8 voltage the drop in the source impedance reduction in the



8 voltage, but the drop in the source impedance is much higher because of the angle

difference like or so.
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The compensator star connected susceptances for neutral current and
power factor correctioq,
By BraH(Giy-Gro/\3, By Bl.b+(GI.c'GI.a)N31 By BieH(Grr
Gyy)3
Substituting the values,
By = 0.0080 mho, By = -0.0321 mho, B,y = 0.0241 mho.
Values of elements of star connected compensator are as,
Cor™ Beay/0725.524 pE, Loy l/Bgy *0)7992 mH, Ce
Biy/0=76.57 pE.
Compensator delta connected susceptances are as,
BCaszz(GLa'GLb)B\’}’ Bten 2(GyGro)/3V3, Beey 26y -G/ 33
Substituting the values,
Bypp = 0.0160 mho, B, .n = 0.0053 mho, B, = -0.0214 mho.
Values of delta connected compensator elements are as,
o~ Cean Bean/0=31.04 pF, CoppBeae/0=17.01 pF, Logy=l/(Beep
(¥} *0)-1489mH. 9IEEE
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Compensated star connected susceptance of for neutral current compensator and power factor
correction, these are for your star connected compensator. And putting the value of these all
elements of the load, we get the value of capacitance for a phase to ground neutral 25.52

micro Farad.

The inductance between b and neutral, 92.2 milli Henry; and ¢ to neutral it comes 75.57
micro Farad. And compensator for delta connected I mean these are the typical derived
relation, and putting the value of this, we get the capacitance across line ab 51.04 ohm micro
Farad; and capacitance across the bc, we get 17.01 micro Farad; and line c typically ca, it

comes inductance 148.9 milli Henry.
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(b) Let the substance of value B, mho is to be connected in parallel to
the load to raise the load voltage equal to the input voltage (V,=Vy).
The basic equation to regulate the load voltage equal to input voltage is
as,
‘VI_|7|Vsp/[ {(RS+]XS)+ I/(GL+chv)} ] I*l 1/(GL+chv)‘7‘Vsp|
Solving this equation, the value of B is as,
B X (XX HRARG RIG XSG XGRS
Substituting the values of X¢=2.5 Q, Rg=0.5 Q and G;=0.0509 mhos
and considering “-” sign in “+”, for lower value of the compensator,
the value of B, is as, B_,=0.0138 mho.
Value of capacitor (C)=B,,/0=43.94 pF.
Y1y=(0.0509 +j0.0138) mho.
7;y=(18.2923 - j4.9585) ohms.
7,7=18.9524 ohms.
o~ VL= 126422 A
{ %§ (i) The voltage across the source impedance, V,:=1:*2,=32.2314 V. &IEEE
wrie  (if) The voltage across the load impedance, V, =Z;*1. =239.6004 V. k=

And let the susceptance of value ¢ v mho is connected across in parallel to the load to raise
the voltage equivalent to V L equal to V S. And these equations of course, are derived per
phase a per phase equivalent star connected load, the load voltage.[FL] This relation we
already have the phase volt typically the voltage across the load per phase voltage should be

equal to the, your supply voltage magnitude both same for Z volt regulation.

This is the typically the current calculation which is flowing in the line in star connected
equivalent network multiplied the your load impedance along with the compensator, and from
which we can get the compensator element for zero voltage regulation in terms of so typically

the source impedance R S and X S as well as the load conductance and here the V cb..



[FL] After putting the value of X S equal to 2.5, R S 0.5, and the G L of the load after the
load balancing and power factor correction and considering minus sign for lower value of

compensator it comes B cv 0.0138 mho, and capacitance value come 43.94 micro Farad.

And then we can find out the typically the load admittance after the voltage regulation, and
load impedance after the voltage regulation. And Z LT becomes 18.9424 ohm. And current in
the supply comes after voltage regulation 12.644 ampere. And voltage across the source
impedance comes 32.23 volt. However, the load voltage comes same to 39.6 because it is a
zero voltage regulation.[FL] It maintain same voltage as the source voltage after putting this

compensator like or so.
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Q.19 A three-phase AC supply has a line-line voltage of 415V at
50Hz and feeder (source) impedance of 0.5 ohms resistance/phase
and 2.5 ohms inductive reactance/phase after which a balanced star
connected load Z=(24+j16) ohms/phase is connected. Calculate (2)
the voltage drop across the source impedance and (b) the voltage
across the load. If a shunt compensator consisting lossless passive
elements (L or C) is used to raise the voltage to same as input
voltage (415V), calculate (c) the value of compensator elements (in
Farads or Henries), (d) compensator currents, (e) supply line
currents, () its kVA rating.

5
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[FL] Coming to another example-19, a three-phase AC supply has a line voltage of 415 50
Hertz and feeder impedance of 0.5 ohm resistance, and 2.4 inductive reactance after which a

balanced star connected load of Z equal to 24 point j 16 ohm per phase is connected.

And calculate the voltage across the source impedance, voltage across the load if shunt
compensator consisting of lossless passive element is used to raise the voltage same as the
input voltage means zero voltage regulation, and value of compensated element, and

compensated current, and supply current, and kV A rating of the compensator.
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[FL] We have a source impedance which is balanced, but we have a here the typically a
balanced load[FL] per phase it have a unity power factor compensation of the load. And after
that we have to raise the voltage means zero voltage regulation we have to find out the

solution. And this is the typical after getting solution with the element value which putting



that we got the balance voltage for unity power factor as well as typically for voltage

regulation.
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Solution: Given that, the supply line to line voltage is V=415V,

hence phase to neutral voltage is, Vgpf415/\/3 V=239.6 V, frequency of

the supply, £=50 Hz, a unbalanced isolated neutral and star connected

load having 7, ,=(24+16) ohms, 7, ,=(24+j16) ohms and Z; =(24+j16)

ohms is connected with feeder (source) impedance of 0.5 ohms

resistance and 2.5 ohms inductive reactance/phase.

Load admittances/phase, Y;,= 0.0288 - j0.0192 mhos, Y;,=0.0288 -

70.0192 mhos, Y; = 0.0288 - j0.0192 mhos.

Gy (G, Gy Gy )/370.0288 mhos, R; ~34.6667 Ohms.

A set of star connected substances in parallel to the load is required for

power-factor correction of the value, Bp;=-B; = 0.0192mhos.

(a) The voltage across the source impedance, V,,=1.Z.=19.898 V.

The voltage across the load impedance, V=7, *1, =225.117 V.

Let the substance of value B, mhos is to be connected in parallel to the

. load to raise the load voltage equal to the input voltage (V;=Vy). The

{éi) basic equation to regulate the load voltage equal to input voltage is as, 4 IEEE
NPTEL

_—

[FL] Coming to the solution given that the supply line voltage is 415 volt, hence the phase
neutral voltage is 415 by root 3 that come 239.6, and frequency of 50 Hertz and unbalance as
any star connected load typically of comes here typically this connected load connected to

feeder this.

And load admittance comes this. And we can get a for load balancing the equivalent
admittance in star connected which comes load resistance 34.66 ohm, a set of star connected
susceptance in parallel to the load is required for power factor correction typically this

susceptance.



And then the voltage across the load impedance is I's Z s 19.89. And voltage across the load
comes after the load balance is say 225 point[FL] there is a voltage reduction here from 239.6
to 225 because of source impedance in spite the load is made balance. And after that a value
of B cv for voltage regulation is connected in parallel to the load, so that the load voltage and

your source voltage is made equal like.
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4

Ivsplzlvsp/[ {(RS+]X3)+l/(GL+JBC\)}]|*|l/(GL+JBC\) |:|Vsp|
Solving this equation, the value of By is as,
B [Xet VX (XHRARGHREG XSG (XSRS
Substituting the values of X¢=2.5 Q, R¢=0.5 Q and G;=0.0288 mho
and considering “-” sign in “+”, for lower value of the compensator,
the value of B, is as, B,,= 0.0069 mhos, B} = Bpx+B,,=0.0261,
Brp=(B1/3)=0.0087,Cy;=B1/30=27.73  uFiper phase for delta
connected compensator).
(b) The compensator star connected phase currents are as follows,
Lea=Vip (Brp)= 415 £30°%0.0087.£90°=3.610.£120°A,
[ep=3.610£0°A, 1,=3.610£-120° A.
(c) Supply line currents are as follows,
Y1:~(0.0288 +j0.0069) mhos.
Z;y= (32.83747.867) ohms.

o Lirely T Z,=33.767£-9.1461°

U“ 1=V /Z11=239.6/33.767 = 7.096 A. $IEEE

weiee () Its KVA rating, Q.= 3|V [lez| = 4494.45 VAR = 4.494 kVAR. Rt

And getting the solution for voltage regulation, this we are keeping the magnitude of the load
voltage equal to the source voltage. And this is the calculation of typically source current and
multiplied the impedance of the load along with the compensator.[FL] We get the

compensator relation which we have discussed many time.

And putting the value of this, we get this typically the compensator I mean value of typically

for voltage regulation. Then we add for all three for which I have used for power factor load



balancing. And from this, we get the compensator current value, admittance value, and we get
the typically the load value[FL] we are able to get supply current here. After the
compensation and kVA rating, we get equivalent to 4.494 kVAR like.
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Q20 A 3-phase AC supply has a line voltage of 415V at 50Hz and
feeder (source) impedance of 0.5 ohms resistance and 2.5 ohms
inductive reactance/phase after which a unbalanced delta connected
load having Z,,=(20+j15) ohms, Z,.=(25) ohms and Z,=(20-15)
ohms, is connected. If this load is to be realized as a balanced unity
power factor load using a shunt compensator consisting lossless
passive elements (L or C), calculate (a) supply line currents, (b) the
value of compensator elements (in Farads or Henries), (c)
compensator currents, (d) its kVA rating, and (¢) power losses in
source impedance afier compensation.

5
NPTEL

[FL] Coming to the a so problem number 20, as an example a 3-phase AC supply system has
a line voltage 415 volt and a feeder impedance of 0.5, 2.5 ohms inductive reactance after
which a unbalanced data connector load is connected Z ab, Z bc and Z ca. And if load is to be
realized as a balanced unity power factor using shunt compensator using this calculate supply
current compensator current, and typically kVA rating and power loss in the source

impedance after the compensation.
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[FL] This is typically the unbalanced load delta connected source impedance there, and we

are putting compensator typically for balancing this load.
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Solution: Given that, the supply phase voltage, Vsp:415/\f3 V=239.6
V, frequency of the supply, £=50 Hz a unbalanced delta connected load
having Z,,=(20+j15) ohms, Z,.=(25) chms and Z,=(20-j15) ohms is
connected with feeder (source) impedance of 0.5 ohms resistance and
2.5 ohms inductive reactance/phase.
Load admittances, Y ;;=(0.0320 - j0.0240) mhos, Y;,,.=(0.0400) mhos,
Y,,~(0.0320 +0.0240) mhos,
Equivalent star connected conductance after compensation,
Giy=Gpt Gryet Grop= 0.1040 mhos, R;y=1/G;y=9.6154 ohms.
(a)supply line currents are as follows,
7,7 RAR 4 1X,=10.4197 ohms.
17VJ7,:7239.6/10.4197 = 22.9948 A.
The phase voltage across the load and compensator,
Vi, Riy* 172211043 V. ‘
s+~ Lineto line voltage across load 1s as Vy; =V;,*\3=38296 V.
{ i%) (b) Compensator delta connected susceptances for load balancing and 4y JEEE
NPTRL power factor correction, e menty

Coming to the solution of typically of this of supply voltage with the phase voltage, and we
have a compensator three-phase element. After this we can we got the conductance, and then
for load balancing and unity power factor load. We get the typically a equivalent load
resistance I mean which have to be in star connected, and we get the load impedance and then

the typically the supply current.

And we can we got the load voltage now 221 which is reduced because of source impedance
it is come twenty 221.10 for three in place of 239[FL] because of the source impedance is
come. And line voltage we can find out, it is only 382.96 in place of 415 volt. And

compensator delta connector susceptance load balancing putting of these value.
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e |
BCab:'BLabJr(GLca'GLbc)/ Vl} : BCbc:' BLbc+(GLab'GLca)/\/3 > BCca:'

B, ., +(Gyy~Gp )3 Substituting the values,

By =0.0194 mhos, B ,=0.0 mhos, B,,=0.0194 mhos.

Values of elements of delta connected compensator,

CCnb7 ]E}Cab/(’r61 69 HE Lch7 1/ (Bchm)70-0 miL, LCczf
/(B 0)~164.2 mH.

(c) The compensator currents,

Teay™Vir* Beay = 8.051 A, Tep™ Vi "By =0.0 A,

Iee™ Vi *Be = 8.051 A

(d) Its kVA rating, Q =V (TosplHlepd Hlend) = 6682.33 VAR = 6.682
kVAR.

(e) Power losses in source impedance after compensation, P, =3I’R =
793.14 W.

5

i

NPTEL

We get the capacitance across the ab 61.69; bc cb we get up to 0 milli Henry, there is no need;
and another compensator 164.2 milli Henry. And we get the typically compensator current,
and kVA rating absolute value of compensator and line voltage[FL] we get 6.82 kVAR. And

power loss in the source impedance from 3 I's square R s,[FL] it comes 792 93.14 watt.
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SUMMARY

*These passive shunt and series compensators are considered as a
better alternative for power quality improvement due to
v voltage and current based power quality mitigation,
v simple design and
v high reliability compared to other options of power quality
improvement especially in absence of harmonic voltages and
currents.

It is considered to be beneficial to the designers, users,
manufacturers and research engineers dealing power quality
improvement in the distribution systems such as furnaces, traction
systems, rural supply systems

. ¥'to balance consumer loads and

{ ¥ v'to reduce negative-sequence voltages at the PCC,

el v'to improve power factor and to improve voltage regulation.

[FL] With this I mean this passive shunt and series compensator I consider as a better
alternative for power quality improvement to voltage and current based power quality

mitigation. We are able to have a simple design.

High reliability compared to other options of power quality improvement especially in
absence of harmonic voltage and current. It is considered to be beneficial to the designer,
user, manufacturer and research engineers dealing with a power quality improvement in the
distribution systems such as furnaces, traction system, rural supply system to balance
consumer load, to reduce the negative sequence voltage at the PCC, and to improve the power

factor and to improve the voltage regulation.
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