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Three Phase AC Cirouit

A three phase supply is a set of three alternating quantities displaced from each other by an angle of
120°. A three phase voltage is shown in the figure. It consists of three phases- phase A, phase B and
phase C. Phase A waveform starts at 0°. Phase B waveform stars at 120° and phase C waveform at

240°.
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The three phase voltage can be represented by a set of three equations as shown below
e,=E sinwt
e, =E, sin(er—120")
e =E, sin(ax-240")=E_ sin(ax+120")

The sum of the three phase voltages at any instant is equal to zero.

e, +é; +e, =0

The phasor representation of three phase voltages is as shown.




The phase A voltage is taken as the reference and is drawn along the x-axis. The phase B voltage
lags behind the phase A voltage by 120°. The phase C voltage lags behind the phase A voltage by
240° and phase B voltage by 120°.

Generation of Three Phase Voltage
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Three Phase voltage can be generated by placing three rectangular coils displaced in space by 120° iy
a uniform magnetic field. When these coils rotate with a uniform angular velocity of o radfsec, «

sinusoidal emf displaced by 120° is induced in these coils.

Necessity and advantages of three phase systems

% 3@ power has a constant magnitude whereas 1® power pulsites from zero o peak
twice the supply frequency

% A 30 system can set up a rotating magnetic field in stationary windings. This is not possible
with a 10 supply.

% For the same rating 3® machines are smaller, simpler in construction and have better
operating characteristics than 1® machines

% To transmit the same amount of power over a fixed distance at a given voltuge, the 34 systen
requires only 3/4™ the weight of copper that is required by thic [®] systein

% The voltage regulation of a 3@ transmission line is better than thal of 1d line




Phase Sequence

The order in which the voltages in the three phases reach their maximum value
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For the waveform shown in figure, phase A reaches the maximum value first, followed by phase B

and then by phase C. hence the phase sequence is A-B-C.

Balanced Supply

A supply is said to be balanced if all three voltages are equal in magnitude and displaced by 120"

A three phase supply can be connected in two ways - Either in Delta connection or in Star

connection as shown in the figure.

Delta Connection Star Connection

Balanced Load

A load is said to be balanced if the impedances in all three phases are equal in magnitude and phase

A three phase load can be connected in two ways - Either in Delta connection orin Star

connection as shown in the figure.
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Delta Connection Star Connection

Balanced Star Connected Load

A balanced star connected load is shown in the figure. A phase voltage is defined us voltage across
any phase of the three phase load. The phase voltages shown in figure are E,, Eg and Ec. A line
voltage is defined as the voltage between any two lines. The line voltages shown in the figure are
Eag, Esc and Eca. The line currents are Ia, I and Ic. For a star connected load, the phase currents are

same as the line currents.
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Using Kirchoff’s voltage law, the line voltages can be written in terms ol the phase voltages ds

shown below.

Ez,=E,-E,
E,e=E;—E,
E,=E.—E,




The phasor diagram shows the three phase voltages and the line voltage I g drawn from E. and —Fy,

phasors. The phasor for current I, is also shown. It is assumed thal the load is inductive.

Sl
p From the phasor diagram we see that the line voltage Exp leads the phase voltage . by 30° The
' magnitude of the two voltages can be related as follows.
E,, =2E, cos30° =+/3E,
Hence for a balanced star connected load we can make the following conclusions.
E =+3E,
Line voltage leads phase voltage by 30°
‘ Three phase Power
In a single phase circuit, the power is given by VIcos®. It can also be written as Vo, 1,,cosd. The

power in a three circuit will be three times the power in a single phasc circuit.

pP=3E,1I, cos®
‘ P:«/gElll cos P




A balanced delta connected load is shown in the figure. The phase currents are Iyp, Ic and lea. The
line currents are I, Iz and Ic. For a delta connected load, the phase voltages are sume as the line

voltages given by Eas, Epc and Eca.

Eus
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Egc
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Using Kirchoff’s current law, the line currents can be written in terins of the phase currents > shown
below.
l,=1,,- Iy
I, = Ipe — I,z
lo=1cy—1ge

m W




The phasor diagram shows the three voltages Eag, Egc and Eca and the threc phase currents 1. Tie
and Ica lagging behind the respective phase voltages by an angle <. This is drawn by assuming that
the load is inductive. From the phase currents Iag and —Ica, the line current I is drawn as shown in

the figure.

From the phasor diagram we see that the line current I lags behind the phase phase current [ by

30°. The magnitude of the two currents can be related as follows.
f, =21 cos30 = \/glAb,
Hence for a balanced delta connected load we can make the following conclusions.
fp= ‘/gl ph
El = Eph
Line current lags behind phase current by 30°

Three phase Power

The three phase power for a delta connected load can be derived in the same way as thal for a star

connected load.

P=3E I, cos®
P= \/gE,Il cosP

Measurement of power and power factor by two wattmeter method

The power in a three phase circuit can be measured by connecting two wattmeters in any of the two

phases of the three phase circuit. A wattmeter consists of a current coil and a potential coil as shown

in the figure.
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and carries

The wattmeter is connected in the circuit in such a way that the current coil 15 i series
the load current and the potential coil is connected in parallel across the load voltage. The wattneter
reading will then be equal to the product of the current carried by the current coil, the voltage across
the potential coil and the cosine of the angle between the voltage and current.

The measurement of power is first given for a balanced star connected load and then for a balanced

delta connected load.

(i) Balanced star connected load
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The circuit shows a balanced star connected load for which the power s (0 be measu

wattmeter W, and W, are connected in phase A and phase C as shown in the fioure
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The current coil of wattmeter W carries the current I5 and its potential coil is connected across the
voltage Exp. A phasor diagram is drawn to determine the angle between [, and E,p as shown.

From the phasor diagram we determine that the angle between the phasors I, and Eag is (30+D).

Hence the wattmeter reading W is given by
W =Eaglacos(30+D)

The current coil of wattmeter W, carries the current I¢ and its potential coil is connected weross the

voltage Ecp. From the phasor diagram we determine that the angle between the phasors I and Ecp is

-Llltltlttq

(30-@). Hence the wattmeter reading W, is given by

W:IECBIcCOS(3O-(D)

Line voltages Eap=Ecp=EL

And line currents Ix=Ic=I,

Hence
W, =E, I, cos(30+ D)
W, =E, I, cos(30—-P)
W +W, =E, I, cos(30+D)+E, I, cos(30—D)
W, +W, =E,I,(2cos30° cosP)
W, +W, =~3E,I, cos®

From the above equations we observe that the sum of the two wattmeter reading gives the (hree

phase power.

(i1)Balanced delta connected load

The circuit shows a balanced delta connected load for which the power is to be measured. Two

wattmeter W, and W, are connected in phase A and phase C as shown in the figure.
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The current coil of wattmeter W, carries the current I5 and its potential coil is connected across the

voltage Eap. A phasor diagram is drawn to determine the angle between 1. and Eyp as shown,

MmN

From the phasor diagram we determine that the angle between the phasors 1y and E.p 1s (30+D)

Hence the wattmeter reading W, is given by

W, =EABIACOS(30+(D)

The current coil of wattmeter W carries the current I¢ and its potental coll is connected across the
voltage Ecg, From the phasor diagram we determine that the angle between the phasors [ooand Lo s

(30-@). Hence the wattmeter reading W5 is given by
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Line voltages Eap=Ecp=EL

And line currents Ix=Ic=I}.

Hence

W, =E, I, cos(30+ D)

W, = E,I, cos(30—-)

W, +W, =E, I, cos(30+P)+E, I, cos(30—D)

W, +W, =E,1,(2cos30° cosP)
W, +W, =+3E,1, cos®

From the above equations we observe that the sum of the two wattmeter reading gives the (hree

phase power.

Determination of Real power, Reactive power and Power factor

W, =E, I, cos(30 + P)
W, =FE, I, cos(30 —P)
W, +W, =+/3E,1, cos®
W,-W,=E,I, sin®

tandD:«/g(WZ -W‘)

W +W,

D= tan‘l[«/g[—wz =M, ﬂ
W +W,

P=W +W,

0=3(W,-W,)

pf =cos® = cos{tan*'}/g(

Wz_vvl

W +W,

|



The power factor can also be determined from the power triangle

S
Q
(D g
P
From the power triangle,
P=W +W,
0 =3(W, -W,)
S = (W, +W,)? +3(W, - W,)’
pf=cos<I>=£ W Hy

S W 1w, 130, W,y

Wattmeter readings at different Power Factors

(i upf
O =0

L™ L

W, =E I, cos(30+®)=E, I, cos(30) =§E I

W,=E, I, cos(30-P)=E, I, cos(30) = %ELIL
W, =W,

(i) pf =0.866

P =30°

W, = E,1, cos(30+®) = E, I, cos(30 + 30) = ZL%

W,=E, I, cos(30—D)=E, I, cos(30-30)=FE;I,
W, =2W,
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(i) pf =0.5

P =60"

W, =E I, cos(30+®)=E, I, cos(30+60)=0

W,=E, I, cos(30-P)=E, I, cos(30-60) = %E,‘I,
(iv)pf <0.5

P > 60°

W, =E, I, cos(30+®P) <0
W,=E, I, cos(30-P)>0

wvpf =0
b =90°

W, =E, I, cos(30+®)=E, I, cos(30+90) = B,

E,I,

W,=E, 1, cos(30—®)=FE, I, cos(30-90) =—

W, =W,

Problem 1
A balanced 3® delta connected load has per phase impedance of (25+)40)Q. If 400V, 3O supply is

connected to this load, find (i) phase current (ii) line current (iii) power supplied to the load.

Z,, =25 +40% =47.17Q

b= tan‘l(@j =60
25

Z ,=47.17260"Q

ph

E, =400V =E,,
E

@ = w0 _ss/-6004
Z, 47.17£60°

(ii)], =31, =\3x8.48=14.7/-90" A

(iii)P = \3E, I, cos ® = ~/3x400x14.7x cos 60’
P =5397.76W
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Problem 2

Two wattmeter method is used to measure the power absorbed by a 3d induction motor. The
wattmeter readings are 12.5kW and -4.8kW. Find (i) the power absorbed by the machine (ii) load

power factor (iii) reactive power taken by the load.

W =12.5kW

W, =—4.8kW

()P =W +W, =125-48=7.7kW

(ii) tan P = «/E(MJ = «/5(_—4&&5—) =-3.89
W +W, 12.5-4.8

& = tan"'[-3.89]=-75.6°

pf = cos® = cos(—75.6")=0.2487

(iii)Q = 3 (W, =W, )= +/3(- 4.8 -12.5) = 29.96kVAR

Problem 3
Calculate the active and reactive components of each phase of a stur connected TRV 3 altermator
supplying SMW at 0.8 pf.
E, =10kV
P=5MW
pf =cos®=0.8
d =36.87°
P= \/gELIL cos®
P 6
I, = - X0 _360.844
J3E, cos®  +3x10x10°%0.8
6
=2 X107 _ 1667w
10x10

0, =E,l,sin®= x360.8x5in 36.87° =1.25MVAR

NE]

Problem 4
A 3® load of three equal impedances connected in delta across a bulanced 400V supply takes a line
current of 10A at a power factor of 0.7 lagging. calculate (i) the phuse current (1) the total power (ii1)

the total reactive KVAR




E, =400V =E,,

I, =10A
pf =cos® =0.7lag
® =45.57"

I, 10

(), =—L=-==584
"3 3
(ii)P =[3E,I, cos® =/3x400x10%x0.7 = 4.84kW
(iii)Q = 3E, I, sin ® = /3 x400x10xsin 45.57° = 4.94k VAR

-
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Problem 5

The power flowing in a 3@, 3 wire balanced load system is measured by (two wattmeter method. The

reading in wattmeter A is 750W and wattmeter B is 1500W. What is the power factor of the system?

W, = 750W

W, =1500W

® =tan'| /3 Wo-Wi |2 _— ﬁ(w]
W, +W, 75041500

® =30°

pf =cos® =cos30° =0.866

Problem 6

A 3O star connected supply with a phase voltage of 230V is supplying a balanced delta connected
load. The load draws 15kW at 0.8pf lagging. Find the line currents and the current in each phasc of

the load. What is the load impedance per phase.

15kW
0.8kW
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Alternator
E oh = 230V

E, =/3x230V =398.37V
P =15kW
pf =cos® =0.8lagging

P

I, 2—per———r
' \/gELcosCID

=27.17A

Load
E,=E = 398.37V
I, =27.174A

I,

! =15.68A

ph =

&l

E
A I—"h =25.4Q

ph




