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THREE PHASE AL POWER SYSTEMS

An AC gerator des!gned to develop a

s!ngle s!nuse!dal voltage for each rotat!on of
the shaft(rotor) !s referred to a as a

s!ngle phase Al generator. If the number of
co!ls on the rotor !s !ncreased !n a spec!f!c
manner

,
the result !s a polyphase AC generator,

wh!ch develop more than one AC phase

voltage per reat!on of the rotor,

In general , three phase systems are

preferred over s!ngle-phase systems for the

transm!ss!on of power for many reasons :

1-Th!nner conductors can be used to

transm!t the same KVA at the same veltage
wh!ch reduces the amount of copper

requ!red (typ!cally about 25% less).

2. The l!ghter l!nes are eas!er to !nstall,

and support!ng structures can be less mass!ve
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and forther apart.

3-3-phase equ!pment and motors have
-

preferred runn!ng
and start!ng character!st!c

compared to s!ngle-phase systems because

of a more even flow of power to the

transducer than can be del!vered w!th a

s!ngle-phase supply.

4-In general ; most larger motors are

3-phose because they are essent!ally self-

start!ng and do
not requ!re a spec!al

des!gn or add!t!onal start!ng c!rcu!try
.
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The frequency generated !s determ!ned by the
number of poles on the rotor and the speed
w!th wh!ch the shaft !sturned .

In the us,

the l!ve frequency !s 60Hz
,
whereas !n

Europa and Turk!ye the chosen standart !s

5 Hz ,

On sh!ps and a!rcrafts, the demand level

perm!t the use of a400 l!ne frequency
Note : H!gher frequenc!es allow for l!ghter
and more compact transformers, motors and

power suppl!es. why not more than 400Hz?

↳ EMI/EMC and eff!c!ency
↳ H!gher freg requ!res complex
sheld!ng requ!rements?

The threerphose system !s used by
almost all commerc!al electr!c generators.
Th!s doesn't mean that s!ngle phase and

two phase generat!ng systems are obsolate.

Most small emergency generators , such as gasel!ne

type are one-phase gerrat!ng systems.The two-

phase system !s commonly used !n servomechan!sm
,
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wh!ch are self-correct!ng control systems
capable of detect!ng and adjust!ng the!r
own operat!on. Servomechan!sm are used !n

sh!ps (and c!rcrafts) to kep them on course

automat!cally or !n s!mpler dev!ces such

as a thermostat!c c!rcu!t
,
to regulate heat

output:

Some electr!cal systems operate more

eff!c!ently !f more than three phases are

used. One such system !nvolves the process

of rect!f!cat!on.The greater the number

of phases ,
the smother !s the DC output

of the system.

S!nce all three phases are balanced and

!dent!al
,
the balanced 3-phase power c!rat

!s generally shown by a 1-l!ne d!agram,
and analyzed on s!ngle-phase(per phase)
bas!s. The

- Average 3-phase power = 3XAverage 1-phase power
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WYE- Y CONNECTION A

CAN

128/or7120·
war
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ennot
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duced voltages of 3-ph generator

Enem !ph D

EAx
+
vL!ne·

A

C (Eph) S
,
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In = Iph
Er =5 Eph



·t-ph

I = Eph
El =5 Eph

P = Eph -Eph . cosp = P2 =Pe

P=..s =P=

Psum=3
&

Psum = 15 . EL-Et . cosp

Ssum= Er.Er

H!gh voltage-> Y connect!on

NOTE : phase voltage !s smaller than L!ne Voltage
So all turn!ngs can be !solated.
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A-CONNECTED

A In 9

↑
-

A

Fe L!neto L

Eu
Eph En L!netage O

. V A

> B v D

Iz=3Iph

El = Eph
Pl= Eph . Iph - cosp = Pr = Pey

Pl = El. cosp = P=

Pe = 3xEL. cos
PT = B .Er .Encosp (w)

Q7 = 5 . ELIn- s!n d (VAR)
57 = 5 EL .EL (VA)



Note that the express!on for 3 phase works out to be

the same !n both 7 and D.

In a 3-phase, 4 w!re y connected system the neutral

current !s the sum of threel!ne currents.
In a balanced

Y system , the current !n the neutral w!re (!f used) !s

always zeo; because !t !s phasor sum of three equal.

l!ne currents out of phase by 120 from each other

For th!s reason
,

a balanced 3-phase system performs !n

exactly same w!th or w!thout the neutral w!re
, except

unbalanced load cond!t!ons.

In a 3-phase ,
A-connected Istan,

no w!re ex!sts

for the return current
, so the phaser sun of all l!ne

current !s forced to betwo regardless of a balanced

or unbalanced load .
W!th an unbalanced 3-phase

load
, however, th!s !mposed-zeo on the return current

produces unbalanced l!ne-to-l!ne voltages.



WYE CONNECTION LOAD

F =Eph

U = Uph.
5 = Uph

-

Pl= I cosp = P =P"
&P= Uph -Eph . casp = Pz= Ba

Pt= 3 .P!= 3..cas

PT=Uz .En . cast Watts

! S = 5 Un .In VA

Nöff------ It=
/

St = P+ =yat
Yu VAR

VA

DELTA (1)CONNECTION LOAD
Uz = Uph

EL
47 F = EIph

UL ar
- P! = Uph-Eph - cos0= P2 =Pe

↓
Uph* P! = ULE .cos=P

PT = 3 .Uncat

#UFSPt
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oN ERTI -ar

Lmant
151 zor

Th!s !s three-w!ne , three-phese system,
and the

trem!er l!ne has an !mpedance of !smtjyer.
The system del!vers a tota power of 160kW at 12000

↓ a balace three phese load w!th a logg!ng pf of 0. 86.

aDetene the magnot!de of the l!ne voltage of

the generator. (ERT

6) F!nd the p of the total lood appl!ed to the

generator
a What !s the eff!cacy of the system .
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#on : Vpn= = 1000 = 6936
,
4

Podph-c=bu phone
Fph =

3 (5436, 42 .
0 . 86 =

0 = 05 10.86 0 = 20 .
68 V!n =Vanv

Eph = 8 ,74/2068 A
Z!r= 15+32 onnotr Vo Zurne=25/53.

12
~

(15+j22)

- Ep + Falze) +Vpn = 0

Eph = EphEl!e + Uph

Eph = (8,94(062)(25)+ 693,
42%

! -

Eph = =142, 982 + 385, 35V

En = 7143,5 268v

#= 05 . Eph = 12358 , 232
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b
# = Plood +Pl!nes P = B . K .Ecal

= 160 km + 3 .En !2 R!ce

= 160k + 318,947215m Ite
= 163596 ,

55 w

P = B . K .Ecal

I↳
ast=+12158.) (8.94/A

= 10836

Fp =
0.856 < 0.

86 of load.

↑
n=L!b

=

Oze
%97.8 .
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load↑fene--=172,
21% X=4

↳Le I er
load .

Du
↑

Ec = 173,2111200

a fund the avege power to each phose and the total load

b)Determ!ne the react!ve power to each phase and the total RT

P f!nd the appeart power to each phese and the total appeart past
d)F!nd the power factor of the lad

= 3+j4()

= cof !PT =5/ .En cost.

75 1

Fp = cos (53 . 3) = 0 ,by-

Fa#p= FL = 20A

PT= 5 173
, 2 .

20 . 10 , 61 = 3600W/Pregepone)

porvat
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b) Q= ELE.

s!nse .3

= 5 (173 ,2) .

20 . (0,
8) = 4800VAR

=> =Q = 16000Ar (hr b!r fer)

&p = Ep .Ep .
S!n 52 , 3 =

100
.
20 .

0. 8 = 1600 VAR

a) Apparent power
Sp = Va . Ip = 190 , 20 = 2000VA

St = 3 Say= 6000vA

S =1 .
Er .F = 5

.(171 .2) (20) = basout

4) Fp= 0
,
6 la
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Ext : Cons!der a balanced wye-connected
load where each load !mpedance !s

Zu = So+ j50m and the phase voltages
are 120V .

Determ!ne the total average

power del!vered to the load.
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Ex 2 : If the l!ne voltage of a balanced,

wye-connected load !s 208V and

the total average power del!vered
to

the load !s goo , defem!ne each

load !f the!r power factors are og

lead!ng.

L!ne
V =2081 PT= 5 VLIcosO
Pr = 900n

Phose
pf = 0. 8 (2)

P= Vg Ip cast
&
P=VILO

900 =5 :20872.
0

,
8

12= 3,
12A = + cast= 0,

S

z 250.8= 0

8 = 570

ze.
Et38 !4!
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Ex 3 : A balanced A-connected load

!s 2081, and the total average power

del!vered to the load !s 600W .
Determ!ne

the !nd!v!dual loads !f they have

a lagg!ng power factor of 0.7.
-

V= 208V = Va Pe = 3 V-1 .cosp

Py = 600m 600= 1 208In 0.7

Pf= 0.7 (4) I Int
z = ?

= 1 ,
36 A

zu==1e

TOPLAM
v =28/0

-45,
57 ARcos0 = 0.7 (2)

1 = 1,364
0 = c!"(0 .

7) 28 200 VAR
z=
-

0= 45,57
· 11 36 45, 37

16

= 15357
= 153/shs.57)+j 15) sonMus.S!
z = 107 +=109

FazQu = V!s!n(45157) = 208 .
1 116 :

0
,71 VAR



Apres = Vy - Ep .

s!n

Qu = 3aphese =

↳5V . En sond

&ph!= V .

zusund



Ex 3 : A balanced A-connected load

!s 2081, and the total average power

del!vered to the load !s 600W .
Determ!ne

the !nd!v!dual loads !f they have

a lagg!ng power factor of 0.7.

·

V!zzog Vaz208
V= 208V = Va

I
6-zowf

Py = 600m
cow= Vo .1 .

0
,7

Pf= 0.7 (4) 200W= 208 . Ip .
07

z = ? #y = 1166m

Vy = 208
,

/0
zu=/= 15

.3 m

1,36
v =28/0 TOPLAM

-45,
57 ARcos0 = 0.7 (2)

1 = 1,364
0 = c!"(0 .

7) 28 20 VAR
z=
-

0= 45,57
· 11 36 45, 37

16

= 15357
= 153/shs.57/+J 15) sonMus.S!
z = 107 +=109

FazQu = V!s!n(45157) = 208 .
1 116 :

0
,71 VAR



Ex 4 : 3-phase power !s suppl!ed to a

balanced A-connected load. The l!neto-

L!ne voltage !s 208V, and the load
consumes a total power of 15kW

at a lagg!ng power factor of 0,6.

Determ!ne the transm!ss!on-l!ne currents

and !nd!v!dual loads.
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z =37y

" zy
7 = 3
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