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3¢ Unbalanced Systems

Unbalanced Systems:

A system is said to be balanced system if -
Impedances or phase angle or frequencies of thraseg
IS same otherwise it is called as unbalanced system

There are two types of unbalanced systems. These ar

neutral) B. Balaji Reddy
2. Three phase three wire system(Delta or SEEEEESEIERyeoETos

connection with Neutral)

1. Three Phase Four Wire System:
The three phase three wire unbalanced system caolbed by any one of the
following methods.
)] Star to Delta conversion method
i) Loop or Mesh analysis method:
i)  Milliman’s Method

STAR TO DELTA CONNECH4ON:

Star to Delta conversion method is used to sol®e 3 wire unbalanced
system. Let us consider thedBstar connection without neutral as shown below.
Let the phase sequence be R, Y & B.

Let Zz, Zy Zg are the impedances of R, Y, B phasgsly, Iz are currents
through-R, Y, B phases respectively.

VrnVen, Vyn be the phase voltages (Y and \ky, Vyg Vgr be the line voltages
(V).

Vrn# Ven#Vyn 7 Ven
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Zry , Zrg @nd Zp are the branch impedances and are determined as

ZRY = ZR+ZY + (ZR Zy)/ ZB
ZRB = ZR+ZB + (ZR ZB)/ ZY
Zyg = Zy+Zg+ (Zy Zs)l Zr

Brach Currents:

Irv, lve, Isr@re the Brach currents and are determinegvas\ry20° / Zry

IYB

ZRY

IRB
ZRY

Line currents:
Ir, Iy, lg are the line currents and are determined as
At point ‘a’ Igg +Ig= Iry
Ir=Iry- IrB
At point ‘b’ Iyg +ly= Irp
ly=lre- lys

At pOint ‘c’ IRy'l‘ IY: IYB
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h=lyg- Iry
The voltage acrossiZ Vzg = IrRZr
Voltage across s Vzv=IvZy
Voltage across s Vzg = IgZp
LOOP OR MESH ANALYSIS:

The loop or mesh analysis method is
used to solve the @@ star without neutral
system. Let us consider a star without neut
as shown below. Let the phase sequence
RYB

Let Zr, Zy, Zg are the impedances of R, Y, |
phases.

Voltage across R & Y is M£0°

Voltage across Y & B is \6£-120

Voltage across R& B is Ms£-240°
Ir, ly, Iz are the line or phase currents
Applying KVL to loop 1
Vry20:=hZg + (I1-1) Zy
Vev20 = Zg+ 11 Zy- 15 Zy
Vry£0 =11 (Zr + Zy)- |2 Zy
Find |, from above equation

VevyZ 0+ Zvl2
Z R+ ZY

1 =

Applying KVL to loop 2

www.sakshieducation.com




www.sakshieducation.com

We2£-120 = (b- 1) Zy+ Zg |,
Vyps-120=-L Zy + (Zg + Zy) |,
Now by substituting 11 in above equation we get |
From circuit branch currents argdl,
V=li-12
b=-I>
Milliman’s Theorem:

Consider a ® star without neutral is excited by-star connedagply as
shown in fig.

Let Zr, Zy, Zg are the impedances of R, Y, B phasgsly, Iz are the currents of
R, Y, B phases.

I
|— -
Vro =
load dtar | Emn'ﬁg
YVyo — Voo
F{\ /"-EE?I ‘.r o
Vo ) ;Bu C \l
-
v 3B

According to milliman’s theorem,

The voltage at load star point 0’ w.r.t source poins Voo

VRO 20 +‘+"&'D£-1m+ VEBO £ -240
7R 7y Vi

Voor —

—+ o0—+
I Iy 7Ip
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Voltage across Zof load is \ko = Voo — Vro
Voltage across Yof load is o' = Voo — Vyo
Voltage across Zof load is ko = Voo — Veo

Branch currents are E Vro'/ Zr = (Voo — Vro) / Zr

Iy =Vvo ! Zy = (Voo — Vvo) I Zy
lg = Veo/ Zg = (Voo — Vo) / Zs

Measurement of power in 3 @ system (Balanced or upbalanced system):
The power in 3b system can be measured by using following methods

1. Three wattmeter method
2. Two wattmeter method
3. Single wattmeter method

THREE WATTMETER METHOD:

In this method, three wattcmeters are connectezhah of three phases of
load whether star or delta connected. The curr@hbt each wattmeter carries the
current of one coil only.and pressure coil measiuegohase voltage of the phase as
shown below in fig

Fig Three wattmeter method — Star
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Fig Three wattmeter method- Delta

The total power in load is given by algebraic sunthe readings .Let \WV,, W5
are the readings of wattcmeters then the totalep@upplied to 3 $ load is P=
Wi+Wot+ Ws.

N BR Te

VRy

v
VYB

Phasor diagram

The Three wattmeter method is suitable for measen¢iwf 3< unbalanced power
. Let us consider] ly, Ig are the currents of R, Y, B phases respectivelghvare
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nothing but phase and line currents. From circuik, Wgn, Vyn be the phase
voltages (\én) and ey Vvg, Vgr be the line voltages (V) .

Current through wattmeter 1 isgdnd voltage across pressure coil of wattmeter 1
IS Vgrnnow reading in wattmeter 1 is

W]_: VRN IRCOSD]_
W= Vpy lpyc0OSD,

Current through wattmeter 2 isy dnd voltage across pressure coil-.of wattmeter 1
Is  Vyn NOw reading in wattmeter 2 is

Wo= Vyn Iy cosb,
Wy= Vpy lpcOSD,

Current through wattmeter 3 isg dnd voltage across pressure coil of wattmeter 3
IS Vgny NOw reading in wattmeter 3 is

W3: VYN Iy COSDg
Ws= Ve lpyCOSD3
Total power measured by three wattcmeters is REW+ W;

P3Mp1COSD1+ Vpy Ip COSDo+ Vpyy Ip COSD3

Two Wattmeter Method:

The two wattmeter method is suitable for both abaéd and
unbalanced load. In this method, the current aufilsvo wattcmeters are inserted
in any two Phases and pressure coils of each jam#drd phase.
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Two wattmeter method- Delta

The total power absorbed by thé ®alanced load is the sum of powers obtained
by wattcmeters Wand Ws. When load is assumed as inductive load, the vecto
diagram for such a balanced star connected lostown below
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Vector Diagram

Let Vrn, Ven, Vyn are the phase voltages ardll, Ig are currents (phase or line) .
Since load is inductive, the current lags theipessive phase voltages by phase

angle ).
Let the current through wattmetegwig
Potential difference across pressure covattmeter w= Vrg =Vrn-Ven
From vector diagram phase-angle betweggavid k is 304D.
~ Reading of wattmeter V& VrgIr c0S(309)
=V, I, cos(30) (1)

Similarly.current through wattmeternwly
Potential difference across pressoil of wattmeter 2 WEV g
=Vy-Vg
The phase difference / angle between ahd |, is 304D

~ Reading of wattmeter Y\= Vyg Iy cos(30-D)

=V I. cos(30+) (2)
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Total power (P) = w+w;
=M cos(309)+ V| I, cos(30+#)

P =/3 V_ I, cosh watts: (3)
Hence the sum of two wattcmeters gives the totalgp@bsorbed by thei8load.
Similarly to find Power factor
W-W, =V I, cos(309)+ V, I cos(30#)
W W, =V || sitb——— (4)
Dividing equation (3) by (4)

V3(wl—w2)  V3VLIL sin®
wl+w2 V3 VLIcos®

V3 (w1l —w2)
wil + w2

= Tan®

-1 \/3(""1‘_""2)) + for lagging or inductive loads

wil+w?2

~Phase anglé= + (tan

- for leading or capacitive loads

Power factor.is nothing but COb= COSt (tan—l \/3(w1—w2))

wl+w2

ReactivéRower Measurement with Two Wattmeter Methd:-

We know that &1 _ Tanog
wl+w?2
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Apparent power

Reactive powel

e

S
Active power Wi+Wa

Wi-Wa

Power triangle

In balanced condition, from above relations and grotiangle the reactive power
is given byv3 times the difference of readings of wattcmeteesu

Reactive powey3=(W;-W,) var
We know the value of (WW,) from eqn (4)
= Reactive power 53 (V_ I, sind) var
Variations in wattmeter readings in 2-wattmeterhrodtdue to power factor:-
We know that, for balanced inductive load
Reading of wattmeter-1 is W& VI, cos(309)
Reading of wattmeter 2 is & V_ I cos(30#)

From above equation, it is clear that readingswattcmeters not only
depend on'lead but also depends on its phase eagle

.  When® =0°i.e. power factor =caB = unity (resistive load)
Then W= W,= Cos 30°
The readings of both waktters are same.

ii.  When® =60°i.e powefactor =cosb = 0.5 lag
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Then W = VI Cos (30°-60°) = YI_Cos30°
W, =V 1. Cos(30°+60°)=0

Hence wattmeters 1 only read power
iii. ~ When 90 >0> 60 i.e 0.5 > Co® >0

When phase angle is 60 to 90, the wattmetere&dings are
positive but readings of wattmeter,\&re reversed. For getting
the total power , the readings of ,\i6 to be subtracted from
that of W, .

Iv. When®=90° i.e power factor =0

Then, W VI, Cos (30°-90°) = VI, Cos60°
W=V I Cos (30°+90°)=-VI_Sin 30°

These two readings are equal in magnitude but a@possign

=~ Total power = W+W,=0

Single Wattmeter Method:

The single wattmeter.method is used to measa@awver of 3@ balanced

system. Let Zz, Zy, Zgare the impedances of R, Y, B phasgsly, Ig are currents
through R, Y, B phases respectively.

Vrn Ven, Vyntbe the phase voltagesHY and \ky Vg, Ver be the line voltages

(Vo).
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Single wattmeter method

Vector diagram
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From above diagram, the current through wattmetdg, voltage across
pressure coil is ¥. Now wattmeter reading is
W = Wgn IR COSD =Vpy Ipy COSD
Total power = 3* ¥y |py COSD

=/3 V_ I, cos® =V =V3Vpu & | =lpy

Measurement of Reactive Power in Single Wattmeter kthod:

The reactive power ofd@ circuit can be measured by.using compensated
wattmeter. The circuit diagram ofb3star connection.with compensated wattmeter
IS shown below.

Let Zr, Zy . Zg are the impedances of R, Y, B phasgslyl, Iz are currents through
R, Y, B phases respectively.

Ven Ve, Vyn be the phase voltages Y and \ky, Vyg Vgr be the line voltages
(Vo) -

Ven=Ven=Vyn=VpH
Vry=Vve=Vgr=VLiNE
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NF=IN

Vector diagram
Current through the current coil of wattmetergs |
Voltage across pressure coil of wattmetekz=/Vy-Vg
Wattmeter reading ¥3 Vpy lpy Sin®
8 (V3 Vpy lpy Sind )
Q=3 Veulpn Sin®
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