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Intfroduction

Consider a residential load = 5000 W (single phase loads)

What is the total current drawn by this residential load at 10,
230 V supply?

Approximately = 5000/230 = 21.74 A

/

If the same residential load is equally shared to 3® supply,
then what is the current drawn by each phase?

Power/phase= 5000/3 = 1667 W

Current/phase = 7.25 A

\\\ Now, compare the conductor size....




Introduction to Polyphase AC Circuits

® The domestic AC supply is single phase AC supply with 230V/50Hz.

» But this AC supply is not suitable for certain applications. Some need a poly phase
AC supply.

» Poly phase AC supply is the one which produces many phases simultaneously.

Advantages of Three Phase Systems over Single Phase System

maller size
Three phase motors are self starting

More power is fransmitted



eration of a polyphase ac supply

» The single phase ac voltage Is generated by using a
single phase alternator. Single phase alternator consists
of only one armature winding.

> But inorder to generate a poly-phase voltage, we have
to use many armature winding. The number of
windings is equal to the number of phases.

he armature winding Is divided into three groups
which are displaced by 120° from each other, then it is
\possible to generate three alternating voltages.



Construction:

The voltages induced in these windings are of same amplitude
and freﬂuency, but they are displaced by 120° with respect to
each other

» As shown In fig.(1) the armature winding is divided into three
groups. The three coils are R-R’, Y-Y” and B-B’.

> All tre/se coils are mounted on the same shaft and are
physically placed at 120° from each other.

hen these coils rotate in the flux produced by the permanent
agnet, emf in induced into these coils. As shown in fig.(2),
hese emf are sinusoidal, of equal amplitudes and equal
requency but they are displaced from each other by 120°,

\i’ V and Vj are three phase voltages.



Generation

Generation of Three phase voltage
system

Generation of 3 phase

Fig.(1): Generation of a 3-phase voltages



Wave form

413 3-Phase Supply System

Fig.(2): Voltages induced in the three coils




Phasor

> If V Is considered as the reference, then we conclude that,
1.V lags Vg by 120°,

2. Vg lags V by 1200,

In other words, V lags V by 240°.

L = P
Criresclicn
aof Ratation

120"

g

Fig.(3): Phasor representation of the three phase voltages



Mathematical

» The mathematical expression for the three
induced voltages are given by:

=V, sin ot

\% V. sin (ot-120°)
s = V,, sin (ot-240°) =V sin (ot+120°)
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Phase Sequence

Phase sequence:

The phase sequence Is defined as the sequence in which the
three phases reach their maximum values. Normally the
phase sequence is R-Y-B.

Imporémce of phase sequence:

The/direction of rotation of three phase machines depends
on/the phase sequence.

If the phase sequence Is changed e.g. R-B-Y then the
direction of rotation will be reversed.

In order to avoid such things, the phase sequence of R-Y-B
IS always maintained.



Comparison of Single Phase &
Three Phase Systems

Single phase system | Three phase system
No

\oltage Low(230 V) High (415V)

2. Transmission Low High
efficiency

3.  Size of machines to Larger Smaller
produce same output

4.  Cross sectional area of Large Small
conductors

5. Usage Domestic, small Industrial, large

power applications power applications




ree Phase supply Connection

> In three phase ac system, the three phase alternator has
three separate windings one per each phase.

» Hence the power generated In each phase can be
transmitted independently to the load using 2 wires per
Wir;(?(g. But this will requires 6- different wires.

h

» Eventhough such a system is practically possible, it
makes the system complicated and expensive.

ence In practice, the three windings of the alternator
re interconnected in two different ways to reduced the
number of wires required for the connections

>



Continued....

Types of connection

3-phase, 3-wire "Y" connection

"line" R
"line" Z4
nutral wire

N 3 phase
(no "neutral” wire) Xlll’ ZZI_JI] load

Y B
%]
"line"
hree phase three wire Three - :
. phase four wire Three phase three wire
tar (wye) connection star connection ’

delta connection




Star Connection

» This configuration is obtained by connecting one
end of the three phase winding together.

> We can connect either RY B (Starfing end) or R' Y’
B' (Finishing end) together. This common point is
called as the Neutral Pointf.

= Terminals
=
- } Ven brought

R , L
2 {;-fY out for

1 BT 4. V3 external
"N e connectio

n




Delta Connection

> Delta or mesh configuration is obtained by
connecting Starting end of one winding to the
finishing end of the other winding such that it
produces a closed loop.




Three phase four wire 415 V, 50Hz supply
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Types of Loads

» The two types of load connection are:
1. Star connection of load
2. Delt/a connection of load

o R

48

-0 Y
Fig. 48

Fig. (1): types of loads
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lanced and Unbalanced Load

> Balanced load:

A balanced load is that in which magnitudes of all
Impedances connected in the load are equal and the
phase angles of them also are equal and of same type
(inductive, resistive or capacitive).

> Unbalanced load:

If load doesn’t satisfy the condition of balanced,
then i1t i1s called as the unbalanced load.

The magnitudes and phase angles of the
unbalanced loads are differ from each other.



Balanced Star Load

» Line voltages :

» If R, Y and B are called as the supply lines, then
the potential difference between any two lines Is
known as the line voltage.

> Vr¢, Ve Vve, Vyr: Vg @nd Vg, are six possible
line voﬁages.
- All the line voltages are sinewaves of 50 Hz

requency and the phase shift between the
adjacent line voltage is 60°.



Balanced Star Load

Phase voltages:

> the voltage measured across a single winding
or phase Is called as phase voltage.

» All h/e phase voltages are sinewaves and the
phase difference between the adjacent phase
voltages is 120°,




Star connection

(i) Thé voltages, Vi, Vy and Vg are called phase voltages or line to
neutral voltages. Phase voltages are generally denoted by V..
ii) The voltages, Vgy, Vyg and Vg are called line voltages.
ji)For a balanced system, All load impedances are equal and
ence all phase voltages are equal and hence all the phase

currents at the load is also equal
I =1y = Ip, Ve =Vy =Vp

VRY — VYB — VBRa ZR — ZY — ZB



(iv) The phase currents (generally denoted by I;) are equal to their
ive line currents I, I, and I, i.e. for a star connection:

(vi) The line voltage, Vg,

V.y = V, — V, (V, is negative since it is in the opposite direction
to Viy).

/

=V,/0°—-V,/ —120°

(1+é+;‘r) V3v, /30°

= +/3V,




he complete phasor diagram

Vry



Continued....

Conclusion from the phasor diagram:

1. Phase currents lags behind the corresponding
phase voltages by g radians respectively as

the (/)ad IS Inductive.

~ The line voltages are displaced by 120° from
ach other.

./ The line voltages leads thelr respective phase
voltages by 30°.




Continued....

Equations for three phase power:

> In single phase ac circuit, the power consumed in each phase is
Pon = Vi Ipn cos @ ...(D)
Pr=3Pp, =3V l,,cos g .....(2)

substituting V,,= V, /N3 and |, = 1, we get,

Total power P =3 x V, /A3 x I, cos @

LPr=v3V, I cosg

Pawer factor for a star load:

'Ijhe load power factor for a 3 phase balanced star load is equal
o0 the power factor of each phase in the load.

~.overall P.F. = cos g
ere g = angle between the phase voltage and phase current




rR = lpy = Igr = Iry + (- Igr)

Delta connection

Fe=7"1,

I = /31,




Continued....

» The complete phasor diagram:
A Vy¢y

© www.electricaltechnology.org
Line & Phase Current and Line & Phase
Voltage in Delta (A) Connection




Continued....

Conclusion from the phasor diagram:

1. Phase currents lags behind the corresponding
phase voltages by g radians respectively as

g:e/()ad IS Inductive.
2. ery line current lags the respective phase
urrent by 30°.




Continued....

Equations for three phase power:

> In single phase ac circuit, the power consumed in each phase is
Pon = Vi Ipn cos @ ...(D)
Pr=3Pp, =3V l,,cos g .....(2)

substituting V,,= V,_and I, =1, /Y3, we get,

Total power P =3 xV, x I, /N3 cos @

LPr=v3V, I cosg

Pawer factor for a star load:

'Ijhe load power factor for a 3 phase balanced delta load is
2qual to the power factor of each phase in the load.

~.overall P.F. = cos g
ere g = angle between the phase voltage and phase current




Comparison of star & delta

connection
Parameter Star connection Delta connection
Connection See fig. See fig.
Neutral point Present Absent
Relation between V =\3V,, V =V,
phase and line voltages
4.  Relation between L= 1, IL=\3 1
phase and line currents
5. Total active power P=+3V,_I cos g P=3V,_I cos g

6. Total reactive power Q=V3V, I sing Q=V3V_I sing




Phase voltages/currents Line voltages/cur rents

V.=V, 0° Vo= 3V, 30°

Vi =V, —120° V=V / —120°

Vo=V +120° Vo=V, /+130°

Same & line curments .=V _ /&y
I,=1_/-12X"
I.=1/+1X)"

A-A Va=V, 0° Same as phase k'n]tagcﬁ

Vo=V, /- 1207

Vo=V, /41207

L =Vou/Zs L= L3 /-30°

IH_'= 'anll'_zlﬂ II!,= [_.rﬂ— ]mn
I, =V /7, I.=L/+120°
il

\




Connection Phase voltages/currents Line voltages/currents

A-Y V=V /0" Same as phase voltages
Vo=V, /= 1207

V.=V, /+1X°
ca e =]
V=3
I [a=—

Same a= line curmrents

A V.=V, /0° V= Vig= VIV /3"
Vio =V, —120° V, = Vg _F,,,!.I{'—I:II*
V.=V, /+120° V.= Vo=V 4120
Lin = Vn/ &y I,= L3/ -30°

Loe= Voo /&y =1 /- 130"
l,!'_;.l —_ Ihl'-,!'_;.|_||'l.I._|l|_ I‘.= qu +|1|:'

\\




Unbalanced Three-Phase Systems

An unbalanced system is caused by two possible
situations

®» The source voltages are not equal in magnitude
and/or differ in phase by angles that are unequal

» /oad impedances are unequal

Unpalanced system are difficult to deal, In
practice, there are three unbalanced 3-phase
l0ads

» Four-wire star-connected unbalanced load
» Unbalanced A-connected load
» Unbalanced 3-wire, Y-connected load.



Four-wire star-connected
unbalanced load

®» |n 3-phase, 4-wire unbalanced load, the loads are connected in
three phases and the supply neutral (N) and load neutral (N")
are connected

®» The current in the neutral wire will be the phasor sum of the three
line currents

=1+ 1, + 1, g

Figure: Unbalanced star connected load



» Since the load is unbalanced 71, 72 and Z3, The line
currents are calculate by Ohms law as

l=VeolZ,, l,=Vy/1,,lg=Vs/ L

» This set of unbalance currents produces current in
neutral line, which is not zero as in case of balanced
system. Applying KCL at node N gives

=l + 1, +15

» The power calculation are done as per-phase
unbalanced system.

Active power Pph = Vphlph cos ¢
Reactive power Qph = Vphlph sin ¢
Apparent power Sph = Vphlph




The following points may be noted carefully

» Since the neutral wire has negligible impedance, supply neutral N
and load neutral N will be at the same potential.

®» S0 yoltage across each impedance is equal to the phase voltage
of the supply

owever, current in each phase (or line) will be different due to
unequal impedances

The amount of current flowing in the neutral wire will depend upon
the magnitudes of line currents and their phase relation.

In most circuits, the neutral current is equal to or smaller than any
one of the line currents



Problems

P3.1 The unbalanced Y-load of Fig. has balanced voltages of 100 V and
the ach sequence. Calculate the line currents and the neutral current.
Take Z, = 15Q, Zg =10+ 5 Q, Z,=6 — j8 Q.

- A ;  10o/o°

} “~ 15
100/120°  100/120°

I, = — — = 8.94/93.44° A
10+/5  11.18/26.56°
100/=120°  100/=120°

I = _ 100/-120° =10/-66.87° A

o 6-j8  10/-53.13°

= 6.67/0° A

I,=—(I,+1,+1)=—(6.67 —0.54 +j8.92 + 3.93 — j9.2)
= —10.06 + j0.28 = 10.06/178.4° A




P3.2

A three-phase, four-wire system operating with a 208-V line voltage is shown in Fig.
The source voltages are balanced. The power absorbed by the resistive wye-
connected load 1s measured by the three-wattmeter method. Calculate:

(a) the voltage to neutral

(b) the currents I, I, I, and I,

(c) the readings of the wattmeters

(d) the total power absorbed by the load

(a)

(b)

60 Q

v -t 2%_ oy
SENCENNCE

p 120200 oo
Yoo48 T

o 120L-1200
40 T

120120°
I, = =2/120° A

’ 60



[[=25A. L,=3A. L=2A. 1I,=0866A

(c) P =I’R, =(2.5)(48)= 300 W
P, =12R, =(3)2(40) = 360 W
P, =12R, = (2)2(60) = 240 W

(d) P. =P, +P,+P, =900 W
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