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Three-phase electric power is a commo
current electric power generation, transmissio
IS a type of polyphase system and is the most co
used by electrical grids worldwide to transfer power.
It is also used to power large motors and other heavy loac
A three-wire three-phase circuit is usually more economical
an equivalent two-wire single-phase circuit at the same line to
ground voltage because it uses less conductor material to transmit
a given amount of electrical power.
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Faraday's law of induction (briefly, Fara
basic law of electromagnetism predicting
magnetic field will interact with an electric Circ
produce an electromotive force (EMF)—a phenc
known as electromagnetic induction.

It is the fundamental operating principle of electrical
generation facilities, transformers, inductors, and many
types of electrical motors and solenoid.s
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We can define a magnetic flux

d(DB — édA

where dA Is an incremental area
with the total flux being given

Op = [B-dA

Note that this integral is not over a closed surface, for that integral
would yield zero for an answer, since there are no sources or sinks
for the magnetic as there is with electric fields
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It was Michael Faracd
induced current with a

He stated that:

“The induced emf (electromotive force
equals the negative of the time rate of ché
magnetic flux through the loop”

__dq)B

&

Ot

The induced emf opposes the change that is occurring
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(Faraday’s Law)

» Induced emf (electro-magnetic force
equals the negative time rate of change
through the loop
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Loop (seen— y
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largest positive emf.
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Flux increasing
most rapidly,
largest negative emf.

Flux at its most Flux at its most
ncgulivc value, : pogi[j\:e value,

emf is zero. emf is zero.




Three Phase Alter
« Generating Three- ASCENIRUST.c

aoe . Vi = V2V cos wt
Vi = V2V cos(wt — 1207)
Ve = V2V cos(wt — 240°)

Three-
phase b o
output

e Three-phase voltage can be also
generated with three single-phase
voltage
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Two Methods @
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Balanced phase voltages are equal in
and are out of phase with each other by 1

There are two possible ways in which a source ca
be balanced

Vau - V;}E

Vy, = V,/—120°
Veu = V,/=240° =V, /+120°

Van = pﬁ

V., =V,/-120°

Viu = Vp/=240° =V, /+120°

Positive or abc The phase sequence may also be re- Negative or acb
sequence garded as the order in which the phase sequence

voltages reach their peak (or maximum)
values with respect to time.
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A-Y Conversion:

Y-A Conversion:

LIy + ZoZs + 17,

_ .

L2y + 1,7 + 257,

_ 2

= Ly + 1o + 152,
c Z

Za

[5]
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<+ Similar to the source, the load can a
connected.

<+ A balanced load: the phase impedances are
magnitude and in phase.
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Balanced load
Z, =72y, =2725=17Zy

ine voltage (or line-to-line voltage
— Vi, = V,, /0° — V, /=120°

1
1++j\@)\/§VpLUC

E 2
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By Kirchhov’s Voltage Law (KVL), the
current along the line (line current):

Voltage across neutral line is zero: it can be removed

 Phase current is the current in each phase of the source of load.
* InY-Y system, the line current is the same as the phase current.
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Vo =V, /0°

Vin = Vp/=120°, Ven = Vp/+120°

Line voltage

« Alternatively,
vcm - v.fp;,.- . v”_},
Z-_'t Z__\ .7_,__-.L

_vcm + Z-_"LIAB + v!m =

IA.B =
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rrents are obtained by KCL

[, = Lip — Ica = Lig(l — 1/-240°)
= Lz(1 + 0.5 — j0.866) = 1,5 V3/—30°

« Magnitude of line currents:

I, = Vi3I,

J'p = \1_43| = |lfrr:| = |lr:.4|
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< Balanced Delta-Delt

Assuming a positive sequence,
e phase voltages for a delta-
nected source are

Var =V, /0° BV, =V, /=120°0 Voo =V, /+120°

2s are the same as the

The line currents are obtained from the phase currents by applying KCL at
nodes A, B, and C

I, = l.:.r - IAB - lr:,:a

l-:~ - l-:“,:l - lBr: lBr: - IAB
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% Balanced Delta-W

uming the abc sequence, the
e voltages of a delta-
ed source are

the line voltages as well

Voo = Vy/0"

Voo = V,/+120°

In order to get the line current, apply KVL to loop
aANBba,

Z}’(la - l}'}) = Vrm‘; =V LOG

I, lags I, by 120° since we assumed the abc sequence
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<+ Another possible way to analyze the Delta-Star
connection.

% Transform Delta connected source to Star
connected source

< Analyze the Y-Y connection.

<+ Observing the phase voltage to line voltage
relation in the Y-Y connection

ASCENTRUST.c

___________
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For a Y-connected load, the p
hase voltage)

2 ,n cos(wr — 120°%)

Veny = \flf,, cos(wt + 120°)

i, = \V2I » cos(wf — 0 — 120°)

i.=\2 [, cos(wt — 6 + 120°)

The total instantaneous power in the load is the sum of the instantaneous
powers in the three phases

Jl? = ]'r:'h' + .Ir}h + F?(' - !'"I..-*'L"\'riin' + I""B.‘N““;I‘} + L:f__-.""\'rfi"

+ cos(wt + 120°) cos(wtf — 6 + 1207)]

= 2V, 1,[cos wf cos(w! — 0)+ cos(wt — 120°) cos(wt — 6 — 120°)
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Applying the trigonometric ide

cos A cos B =

I
;[COS(A + B) + cos(A — B)]

V,1,[3 cos 0 + cosQwt — 0) + cosLwt — 6 — 240°)
+ cosQwt — 6 + 240°)]

= V,1,[3 cos @ + cos a + cos a cos 240° + sin a sin 240°

+ cos a cos 240° — sin a sin 240°]

where a« = 2wt — 6

P-p

|
=V I|3cos + cosa + 2(—2)cosal = 3V,1,cos 6

Thus the total instantaneous power in a balanced three-phase system Is
constant—it does not change with time as the instantaneous power of

each phase does.
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Average power per phase for either the A’
or the Y-connected load is p/3, or

f = V. I cos6

pP-p

The reactive power per phase

The apparent power per phase

The complex power per phase
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The total average power is the sum of ti
powers in the phases

P=P,+ P, + P.=3P,=3V,I,cost = 3V, I, cosb

The total reactive power

Q = 3V,I,sinf = 3Q, = V3V,I, sinb

The total complex power

where Z,, = Z, /8 is the load impedance per phase.

ey

S=P+jO=V3V,I/60
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power P, being transmitted
using
Iy, = Lo| = T| = |L| = PL/(V3V1)

Eloee— 3(1;)2R = 3R &% = R' 7%

I = L] = o] = L = PL/(V3V)

(I)°R = 3R/ il = R/ L

Three- ® Three-
phase —= - phase
balanced oW + balanced
source

VL i_l 0 load
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