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ABSTRACT

The project presents an approach for load balgnand power factor correction. First we
have considered a three phag®unded load system where the supply is a three phase
balanced supply. Before balancing the load and correcting the power factor it is necessary to
compensate the neutral current. \M®pose three schemes for neutral current balancing.
After that the system becomes equivalent to ungrounded star connected load. Now to carry
power factor correction and load balancing we need to convert the load to delta connected
load. Hence we carry oudtardelta transformation and we carry out our main objective

through the proposed methods.
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. INTRODUCTION

For our convernce we require distortion less voltage and current supjsiyally there are

distortions in this waveforms because of the presence of non linear loads.

It is important to compensate reactive power due to non linear |Ga@s.the years many
methods havebeen proposedor carrying out this proposed worlOur main aim is to
generate reference current waveform, which will compensate the load harmonics and enhance

the power factor.

Our main objective is to first transform the system from three phase foeruwbalanced
load to three phase three wire unbalanced load and then carry out the necessary power factor
and load balancing calculations. Three different schemes has been proposed for this method
and then a common scheme has been proposed for load ibglaarcd power factor

correction.



. BACKGROUND AND

LITERATURE REVIEW

Load Compensation

It is necessary to manage the reactive power to imptey@ower factor and the quality of

supply Load compensation is the major player.in it

Themain objectives itoad compensatioare

1 Improvedvoltage profile
1 Power factor improvement

M Balanced load.

It is important to maintain the voltage profile within5% of the rated value. The main
reason for voltage variation is unbalanced parameters in the generationdsm®aumption

side. If the reactive power that is being consumed is greater than what is being generated then
there is a definite chance of increased voltage levels. But if both of them are equal then the
coltage levels become flat. Hence in order to ma@na flat voltage profileve have to
determine the active power transfer capability of the system and the necessary reactive power
to be compensated has to be carried out using shunt compensating elements i.e either a

capacitor or an inductor.



Power factor correction

An unity power factor is desirable for better economic and technical operation of the system.
Usually p.f correction means to generate reactive power as close as possible to the load which
requires it rather than generate it at a distamcktransmit it to the load, as this results not

only in large conductor size but also in increased losses.

Load balancing

A very important concept of load compensation is load balancing. It is desirable to operate
the three phase system under balancedliton as unbalanced operation results in flow of
negative sequence current in the system and is highly dangerous especially for rotating

machines.

An ideal load compensator would perform the following functions,

1 It would provide controllable and variabteactive power almost instantaneously as
required by the load.
1 It should operate independently in all three phases.

1 It should maintain constant voltage at its terminal.

Harmonic distortion

Harmonic distortion is the change in the waveform of the suppliagelfrom the ideal
sinusoidal waveform. It is caused by the interaction of distorting customer loads with the
impedance of the supply network. Its major adverse effects are the heating of induction
motors, transformers and capacitors and overloading atrale. Power factor correction
capacitors can amplify harmonics to unacceptable values in the presence of harmonic
distortion. Standards specify the major harmonic voltages which can occur on the network,

5% total harmonic distortion being typical.



Powea system harmonics

Power system harmonieseintegermultiples of the fundamental power system frequency.
Power system harmonics are createchdy lineardevices connected to the power system.
High levels of power systefmarmonics can create voltage dision and power quality
problems. Harmonics in power systems result in increased heating in the equipment and

conductors, misfiring in variable speed drives, and torque pulsations in motors.

Active power filters

Active power filters are simply power eteanic converters specifically designed to inject

harmonic currents to the system. Active power capabilities include:

1 Eliminating voltage and current harmonics
1 Reactive power compensation
1 Regulating terminal voltage

1 Compensating the voltage flickering



I1l. METHODOLOGY

lll.I System Overview

In our gystemwe have considerea balanced three phase supply feeding the unbalanced load.

The supply voltages are taken as:
V= | VNV&Q V| Z2¥2pV]| Z2240.

First we have considered a three phase unbalanced goblostkesystem, we present three
schemes for neutral current compensaaod then thre@hase three we unbalanced load
will be compensated using a common schelrue.the frst schemeave considephase b and

c, second scheme selects phase a and b andstthieme selects phase a and c for neutral
current compensation. The current carried away by neligalais given by the summation

Of Iha Inb, INO. lheuraiWill be neutralized by injecting a curré@ equal in magnitude and 180

degrees out of phase fro@ where’O stands for neutral current compensating current.

The load becomes equivalent to three phase three wire unbalancedtévateutral current
compensation this systemis thentransformed to equivalent delta connectidfe select two
sets of compensating elements, one for power factor correction and the other for load

balancing of this equivalent delta connection.



1.1 Neutral current compensation of threephase unbalanced grounded loads

l.11.1  Scheme 1:

The above scheme proposes a method for neutral current compensation in phase b and phase
c. The type of compensating element to be chosen will depend upon the phase angle of the
neutral compensating curitelyo i.e 0. Reactive elements chosen foabdc phases wilbe

decided byanglesg and p. The angles g andape the angles for compensating elements

@ and & . These two impedances being lossless reactive elements (either capacitive or
inductive) thus, these anglesand pwill be +90 degrees. 90 degrees is selectéukn the

element is a inductar if +90 degrees is selected the selected element is an capacitor.

For 30 degé< 150 degg =90 deg 1=-90 deg.

For 150 deg<€< 210 degg =+90 deg p=-90 deg.

For 210 deg<€i< 330 degg =+90 deg |=+90 deg.
For 330 degé< 360 degg =90 deg =+90 deg.

Neutral currenbbetweenthe two phases is equal © andO where these are the current
carried by t phase baa cespeativelg. Ve decompose tieactances on
phase and quadrature axis of phase voltagend equatéhem to corresponding components

of ‘O , the equations obtained are:

'O cos{l)= 'O cos(120+ @) +'O cos(240+pu 88 (1)

"0 sin@)= "O sin(120+ @) +'0 sin(240+ p)8 8 C
© =70 . €

On solving the equations forO AT AO we get:

‘O = 'O sin(240+ p-0) /sin(120+ p - 9).



"0 = 'O sin(120+ @-0) /sin(-p + 2-120).

We obtain the belowusceptances:

6 = "O sin(g)/V mag.

6 = "Osin(W)/V mag.

The alove susceptances are put across phase b and phase ¢ and theeystmurrents

0+ 0+0+0+0=0.

Neutral compensated load now becomes equivalent to:

O=G H=H .O D +D D =6 O IO+ ).

.11l Scheme 2

This schemebelow provides neutral current compensation in phases a and b for a 3 phase 4
wire unbalanced loadl'he reactive elerants will be placed in phasesaad bfor neutal
current compensatiod he angles-and g are thangles of lossless reactive elemertsat are

to beconnected across phaseaad phase lior neutralcurrentcompensation and may be

either +9@or -9¢°. Anglesa-andg will depend on the value of  fl®ws.
For 30<(<90, a=+9(, g=-90°

For 90<(<21@, a=+90f g=+90

For 210<0<270, o=-90°, g=+90

For 270<i<36@, a=-9¢°, g=-90°

If angle &-or g is positive then capacitor if negative then inductor will be connected in the

respective phases. Theseatege elements will carry phase currengsahd | in phases a and



b respectivelyThe currentsgl and | are decomposed along phase and quadrature axis and

the equations obtained are as follows:
INOcoS’= 1 .CO+ 1,.c0S(1208);€ . . (1)
INOsini= lSine-+ Incsin(1204g);€ . (2)

Neutral current in compensating phases a and b is giveg byd |.. On solving above

eqguations:

| =In0sin(1204g-0)/sin(120+2-9);

lpe=InOsin(e-G)/sin(e-2-12F);

lac=1ac<3% Zac=V/

lbc=1pc<(12049); Zpc=V/ .

The corresponding susceptances agelBsin@V); Bo=InsSin(@V)

The values of 4 and Z. make the system equivalent to three phasgrounded star

connected. Supply neutral current becoraeso as:
la + lo + lg+ lact [,c=0
Equivalent neutral compensated load now becomes:

Z=ZaZo(ZatZa); Zo=ZoZod (Zoi+Zoe); Z=Za.



LI Scheme 3

The below scheme considgrisases a and c faeutral currencompensationThe values and
type of susceptances to be conedcacross phase a and ¢ will depend upon the following

method:

For 0<8<90® and 336<i<36C, a=+90, p=-90°
For 90<(i<15(, a=+90" u=-9¢°

For 150<t<27@, a=-9¢°, p=-90°

For 270<0<330, a=-9¢°, z=+90

On decomposing the currents along phase and quadrature axis we obtain the following

equations:

INOCOSI=1 ..CO+|COS(2D°+):€ . . (1)
INOsiN(i=1.cSine+1sin(240+u):é é (2)
INO=lne ut ralce 3)

Solving theabove equationae obtain

a=IN0sin(240+1-0)/sin(24041-8);

l=lssine-C)/sinfe-p-24):;

lac=10c<3% Zac=V/

lo=lec<(24P+1); Zee=V/ .



The susceptancesbtainedare Bc=15Sin@EV); Bc=lSin(L)/V. The above values of,Zand
Z,. make the system equivalent to three phasgrounded star connectedupgply neutal

currentbecomegero as:

lai + 1o + g+ lact 1cc=0

Now the load becomes equivalent to:

Zi=ZaZod (Zal"'zac); Zy=Zp;Ze=Zo.Zed (ZC|+ZCC)-

Hence, from the above three schemes neutral current is being compensated and the system is
converted to a threehpse ungrounded unbalanced load system. A common scheme has been

proposed for power factor correction and load balancing.



.11l Power factor correction and load balancing of unbalanced load

After carrying out the neutral current compensafrom the above schemes, now the load
becomes equivalent to ungrounded load, then we carry out thdeftatransformation of the

above loads as follows:

Y ap=Zd/ (ZaZtZDZ A 7oL )
Y vo=Zal (ZaZo+ ZoZ o+ ZaZc)
Y ca=Zol(Zalo+ ZoZ o+ 2oL c)

The load now becomes urlaced delta connected loaldence loads such as equivalent
delta connected or delta connected are transformed in the following manner. For power factor
correction a set of susceptances are connected across Tda®se susceptances are
determined by theoflowing mannerWe separate theeal and imaginary parts of admittances

Y amYboand Yexn

Bao=-IMg(Yan); Bocrm-IMg(Yo); Beao=-Img(Ycx); GarmReal(Yaw): Goo=Real(Ypw):

Gcaﬁ:Ral(Ycaﬁ)

After finding out the susceptanceg,B Baco Boco, cONnectios are made across the loads for
power factor correction by realising the reactive part of the loads. To balance the loads
susceptanceBgp2, BGc2, BQa2 are connected across phasebab-c and ea To determine

B &, B &2 B &2 following calculatiors are made:
|=1<0°% 1,=<120; I=1<240

Ohms Law states that



las=(Va-Vp)(Gawst|B Qin2);

I boﬁ:(Vb'Vc) (Gboo"'l'j B G)CZ);

Icaﬁ:(vc'va) (Gcaﬁ"j B Q:aZ);

Kirchoffs law at nodes 2 and 3 gives:

| a(J:Vathabo*"j B Chb?)'vca{Gcao*j BQa2) ..(1)
lb=V bod Gbost]B Gbhe2)-V and Ganst|B Qi) é(2)
|c:Vcaf{Gcaﬁ'"jBQ:a2)'Vbof£Gbco“+jB(Abcz) é ( 3 )

Above equations are calculated and we obtain the following :
1=V |/(Gats+ Gbost Gz

Bay,=| /(31’2|V|)-Ga bf/31/2-2Gc aa(3l/2
B&ar-1(3"IV|)+2Gud 3"+ Gead 3"
Bae=-1/(2*3Y%|V|)+3Y°G o/ 2-BAad2

For both power factor correction and load balancing we connect the suscpetances in parallel

and the equivalent susceptances obtained are as follows:

Baw=BawtBQi2 Boc=BootBbco, BearmBeaotBQaz



V. TABULATION AND

CALCULATION

FIRST SCHEME CALCULATIONS :

Current calculations (in A):

"0 = 43.877230 ‘0= 127.-84D7
0= 81.521 0= 20. 4822
"O= 8 6. 912 "O= 50. 3623

Load impendances and compensating impendances in (ohm) in first scheme:

W = 2.821 W = 11. 230
W = 26572120 ® = 4 . 5-830
W = 1.79224 © = 81.52

W= 2.19212 ©= 2 . 6103.43

From the value ofi the angless comes to be90 andp come to be+90. Hence for neutral

current compensation capacitance is connected across tearqathse b and c.



Capacitance values:

Lbc=

10.3mH

5

205.4F

Compensation of three phase unbalanced grounded load ifi' Scheme

Power
correction/reactive

compensation

factor

powe

Compensating elementfor

Load Balancing

Per phase power(kw)and

Current(A)

Can=258.51pF Cu=70.600uF Pohase20.11; 15=77.90<0
| prase=77.90
Cbo=28960pF Cyc=38.80uF 1,=77.90<120
Ce0=15180puF L&4=93.12mH 1:=77.96<240
SECOND SCHEME CALCULATIONS:
Current calculations (in A):
0= 43.8727230 'O= 127 .-8407
0= 81.521 0= 50. 39 7
"O= 86. 913w 0= 29.8¢ 30




The compensating elements to be connected across the phase a and b are given in the table

below:
Lac= 49.3mH
Lpe= 8.51mH

Compensation of three phase unbalanced grounded load if®scheme

Power factor/reactive powe

compensation

Compensating Elementsr

Load Balancing

Per phase power(kW) &

Current (A)

Cap=32971pF Cu=66.31uF Potase=20.11; 1,=77.90<0’
Cb=355.70uF Cye=41.20uF l,=77.90<120
Ce=219.90pF L&.=93.40mH 1:=77.90<24d
THIRD SCHEME CALCULATIONS :
Current calculations (in A): :
0= 43.877230 "O= 127.-8407
0= 81.521 0= 20. 499 7
0= 86. 912 0= 51.75273




The compensating elements to be connected across phase a and c are given in the table

below:
Co= 9788uF
Cec= 11912uF

Compensation of three phase unbalanced grounded load iff 3cheme

Power factor/reactive powe

compensation

Compensating Elementsr

Load Balancing

Per phase power (kW) &

Current (A)

Law=15264mH Chup=66.611F Porase20.11; 1;=77.90<C
|phase77.90

Lap=48.21ImH Chyc=22.811F 1,=77.90<120

Leo=52.51mH LGc=113.65mH 1=77.90<240

Compensation of three phase star connected uraunded load

Load Specifications

Equivalent Delta Connecte

For Power Factor/Reactiy

Load Power Compensation
Z.=3.43' 368° Za=10.83<129° Ban=0.0195, Gy=382.8pF
Z,=3.33<(’ Zb=7.19<7.8° Bbcg=0.01875, Gn=59.68uF
Z.:=2.20<317° Z.=7.80<44.6 Bea=0.0919, G=292.53uF




Load Balancing Calculations

Compensating Elements

Per Phase Power(kw) and Current(A)

Cab=83.74uF Porase21.46; L=79.80<0"
Coc=10.72uF lpras=79.8Q  1,=79.80<120
Lca=10988mH 1:=79.80<240

Compensation of Three Plase Unbalanced Delta connected Load

Load Specifications

Equivalent Delta Connectg For Power Factor/Reactiy

Load Power Compensation
Pap=26kW 0.8Lpf Za=11.33<36.9 Caro=183.81uF
Poo=21kW 1.0pf Z=10.18<0 Cob=0.00uF
Pea=24kW 0.860f Z..7.48<318° Coa0=255.62uF

Load Balancing Calculation

Compensating Elements

Per phase power(kW) & current(A)

L&pz= 213.3mH

Potase=20.11; 1,=77.71<0

Chc= 94.89uF

lprase 77.71; 1,=77.74<120

L&.=213.4mH

| = 77.74<240F




CIRCUIT DIAGRAM AND SIMULATIONS
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100

s

B0 |

40 i

A

g

LT T

/
i
|

\/

-100
]

0.01

0.02

T = T T
{ 4 \H
II I'l
in I \
III IIII
IIII III
} i
II II
II II
] lI
|'I \
| |
| 1
'5
1 N
f ~ AN
|I & II \' .
II / II i b .
r - Y
| p s |II .
| H ,
|I A g lr ",
~f_ i
) al
| =1
] o
II I|
II II
|I Il
i 1
II
II
III
L-.- II' |II
u I'. II
\ /
1 /
i
I I lkr\\.,-f"
0.03 0.04 0.05
time(in sec)

|llIII
"I II|
] i
| 1
III II
II II
' b
. {
L
=
s f
i
w
i -
H &
I /
| = s
[ B
I % &
{ v S
| w A
A
| |
0.06 o.07

008

Meutral current compensation by second scheme. lac and lbe are the load currents through phase a

and b.

through phase a and b.



Fig 8. Neutral current compensation by third scheme.



