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Three phase AC

• ~ 400 to 440 V rms Cline V)
• more power than single phase
• commercial loads ! 3 phase
• agriculture, water pump , industry

single phase
• line and neutral
e needs starting coil

three Phase
• 3 lines
• 3 voltages same magnitudes diff voltage
. polyphase system
• balanced system- 2

,
V
, I same , only of diff

• can build 6,12 phase systems
• rectifier output smooth for polyphase
• two- phase : 90

. not 180 fans)

Generate single Phase Voltage
e Electromagnetic induction
• Rotate conductor in EM field

µ sinusoidal emf
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Generation of 3 Phase AC
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ALTERNATOR ) 3 PHASE AC GENERATOR
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• each coil placed 120 apart from each other
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• Reluctance : opposition to flow of magnetic field lines
(similar to resistance)

• Air gives more reluctance than soft iron ; magnetic field
flows through stator

• the generation and transmission of Ac power is done as
3-phase AC

• Distribution of power to the industry is done as
3 -phase AC.

• To the residential consumers
,
it is doneas single phase AC.

° Generation of 3-phase emf occurs in a machine called
3 phase generator or alternator in a power generatingstation.

Constructional Details of Alternator

• the stator is a stationary member of this machine
and it carries 3 coils which are physically displaced
from one- another by 1200.

• conductors a and a' make coil - A , which is also called
as phase A ; band b' make coil - B and phaseB , c and
c
'
make coil- c and phase C

• the rotor of this machine consists of a set of
electromagnets excited by a DC supply

• the stator and rotor of this machine are usually
made of silicon- steel .



Prime mover: turbine . Shaft of turbine connected
to shaft of generator .

waw

shaft

00
✓ magneticfield

↳§currenttent in coil A
§ ) tiemannite' aright

motion of
conductor

current generated is sinusoidal in nature .



waveform

coil A as reference Calarts at o)
A B C

- I

Also called R-Y-B Creed- yellow -blue)

eaa, = Vm sin wt

ebb' = Vm suis (wt -1200)

eco = Vm his (wt-1120. ) or Vcc, = Emsin (wt- 240
' )

Balanced 3- Phase

eaa, = 100 sin wt g
same magnitude,

ebbs -- 1005in Cwt -1200 ) phase difference
eco, = 100 sin (wt -2400) is 1200



Unbalanced 3 Phase system

eaal = 100 sin wt y differentebbs = 90 sirs cwt
- 1207 magnitude

eco, I 100 sin cwt -2407

each = 100 8in wt

ebbs = 100 sits cwt -go, ] different
eco =

100 sin Cut -240g
Phase

Power Generated

°

.

Th power stations, 3 phase balanced power is generated .

To supply to industry, 3-phase distributed
° For household power , single phase power is distributed .

RYB Representation
Crpf Vm sin wt
eyy, -- Um sin cwt -1200 )
e BB'

= Vm sin Cwt -2400)

Phase sequence
Phase sequence is always referred to in a 3-phase
supply .
It is the order in which the three phases reach
their maximum values

If the maximum values of three phase voltages
occur in the order RYB , the phase sequence is
RYB.



RYB

✓R LO

Vy Lt 20
Wiz L-240 or VB420

P

% ^ ¥3
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otherwise
,
if the maximum value of three phase voltages

occur in the order RBY
,
the phase sequence is RBY.

RBY
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Vy L-240
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Connections of 3-Phase system
1) star
2) Delta

IIa. air. Eri'
coil - A coil-B coil-C

three single - phase systems in the three coils
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Possible connection
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To avoid transmission infrastructure and costs
,
either

star or delta connection is used CG lines)

Delta allowed : KVL
Star allowed : Kel

STAR CONNECTED SYSTEM

we connect the same terminals of all the three phases
together to a common point which is called the
neutral point .



'Phase Voltage
voltage across the terminals of a phase in a 3-phase
system

eph or Vph

Cline to ground)

line voltage

Voltage between any two lines in a 3-phase system
is called the line voltage .

Cline to line,
EL or K

Phase current

current flowing through a phase in a three-phasesystem
iph

Line current

current flowing in a line is called a line current

LL



Relationship Between line g phase Quantities

err, -- Vmsin wt
eyyi = Vm his@t -1207
EBB' = Vm 8th (wt t 1200)

uineY4r--
r

T (phase)

eraO
- µµ:&,

Y ,#yn EBB' t B
-¥ B
IVY B1-y
iy (centre can also

be RYB)

phase g line Quantities Cbalanced 30)

Ik- Iy = IB = IL Cline current)

✓
Ry
= VyB -- VBR= VL (line voltage)

in = iy -- is = iph Cphase current)

Ya -- Oy -- ro -- Vpn C phase voltage)



Phase and line currents

In = IR

Ic -- iph → line current -- phase current

Phase and Line voltages

Apply KVL on RYNR

-
- - VB - -

- -

-Vry -Vy 1- Or = O r r

r
. ..

"

*⇐ T
""

VyI -- try Lo -Ugg 4120 vph
-

- Vmrz
TV = Virag NB 230

VL = r3Vph 230

line voltage leads phase voltage by 30



DELTA CONNECTED SYSTEM
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• In D connection

,
second terminal of first coil is connected

to the first terminal of the second coil , and so on
.

• there is no neutral point



Phase q line Quantities c.balanced 30)

Ik- Iy - IB = IL Cline current)
Vey = Vypo -- VBR= Ve Cphase current)

in = iy -- is = iph Cphase current)
Ya -- Oy -- ro -- Vpn ( phase voltage)

Phase and line Voltages
UL -- tph

phase and line currents

Applying Ku at juctim R
- -

- v IB
ir = IB t Ir B n

*II -- Tr -TB or

⇐¥-¥
"fhi:

.v
-IB

Egl Vmf (Ko - 1420) Y cos4=1
Z

= try B L-30

IT = B iph L-30
Line current lags phase current by 300



• default : assume line quantity given
POWER CONSUMED 13-0/7

Active Power CP)

P=3 x I- phase power
=3x power in each phase
=3 Ophirph cos of

Pgp = 3 x VL Ie cosyB-

Pgp = B VL LL cos of

Reactive power CQ)

Qzp = 3 tph Eph sin of = BVik his 01

cos 0=1
2

Apparent power Cs)

Ssp = Be Vhf



Load connection

if 21--22=23--2, balanced load system
else

, unbalanced

star Cx) delta CA)

7- m
from Ir / g-

from
source ⑦ zr source R

arm
r%

,
am y¥¥.

source lips § source,#¥-
3- ZB

1B ## from 1B
from Ly source

source

lines connect source to load
.

Currents that enter : load current
currents that exit : source currents

Line values : capital LIL , Vu) ] RMS
phase values : lowercase Ciph , Vpn)



Q: A balanced 39 Y load of 100kW takes a

leading current of 80A when connected to 301
let kV

, 50112 supply .

Find Riz, C of load per phase .
Also calculate PF of load .

P -- 100kW -
- Butenes of

Ice 80 A

q
-
- l- 1kV

^# ^

) phµ.mu I v no
!- Sainte

} N

R= 5-208r

y I §,

E- Bvph
-

y tph -- 635V

# 2- tph = 7.9382ip
2=5-208 -jXc ⇒ Xe = 5.991

Xc =L ⇒ C=L
we 217 f-Xc

C= 531.4mF

power factor - cos 8=22--0-66 lead



Q: A balanced 30 star- connected load is supplied with a
symmetrical 301 400 V system .

The current in each phase is
80 A and lags by 30 by voltage
is Find impedance in each phase
Cii> Total power drawn
civil Phaser diagram

d) E = 400V --Eline

Vi- B tph
i phase = 30A
0=30 lag

Vphase -- 40% = 230 . 94 V

"phase = 302-300

2phase -- 7-698250£ ? 4042 Cbo

in = 30 L-300
i
y
= 30 L- 128
iB

-

- 30 L 900

2K = 7.698 230

Zy a 7- 698 450
2B = 7- 698 L-90



Power drawn = 3 X Vpffphcos O = 18kW

iii) Phator diagram
"

e

z
,

R

IR

*& L
Ey

Q: A 301 D connected load .

Each phase 2--25 t j 40r . The
load is fed from the secondary of a 301 Y- connected
transformer with Vphase

-
- 240V

.
Draw the circuit diagram

and calculate
is current in each phase of the load
Cns voltage across each phase of the load
current in the transformer secondary winding

Civ) power supplied to the load
.

ERk

# LRB
suoVI ! mine !

, ⇒
no

a 2b{M¥¥#o i
, rig

B -1>-1
transformer TB

secondary



line voltage of Y transformer = phase voltage of
D head

In Y system
Yeon B 230

Bopha) = they) -- 24053
✓← 415.69230

'

tph (A)= 415.69 230

Eph = tph = 8.81 L-58 A
2

Phase voltages Phase current

or-- 415.69 230 ir=8 -M L-28
Vy -- 415.69 L- 90 iy -- 8-81 L - 148
43=415.69 C-210 in -- 8-H L-268

Line current

q
-
-Bipin L-30

15.26L-58
15.264-178
15.26 L-298



power
34 iph2K = 5.8 kW

Phone Diagram

IB

↳ on
"

t
- i.f-
-t7÷ . -

in Msm



TWO WATTMETER METHOD OF MEASURING -3-4 POWER

. measuring device that measures power
-

."

kove
-

• two coils : fixed coil → gives magnetic flux
voltage coil → indicates the power

construction

1- This are sufficient to find total active power in a 3-of
system

2 . Irrespective of whether load in Y or D connected
and whether load is balanced / unbalanced

3- A wattmeter is a power measuring device to measure
3-of power . consists of 2 coils Ccc and Vc) .

4- the cc is a fixed coil which creates the magnetic field
necessary for the operation of the instrument.

s - the ve or pressure coil is the movable coil which has

an indicator attached to it .



Working
1- As the current flows through the instrument , the current in
the current coil creates the magnetic field and current in
the voltage coil interacts with this B

' and experiences a
force .

2- This force moves the voltage coil and the indicator
attached to it and points to the average power reading

Wi in
m- IT r

'

¥Ft . µ
Ly ly /

Y

Fy f.
N

µ
. fExm÷%¥
- les

• consider any one line as a common line
• Line currents : Ir , Ly , 1B
• Phase currents, in , iy , its

• Power measured by W ,
= Ury zoos (angle b/w Ury Ek)

• power measured by wz -- VBY 2B ios ( angle b/w ubyeity)



phaser diagram vby
-

- i

-

- '

a

"

60°C ) 30
°

or
Try to l #

za cinductive
load)

v
Y

Power measured by W ,
= Ury Tn cos (angle b/w Ury Ek)
= Cor- Vy) species Cargle)

Wi -- Ury IR cos(30+4)
Wi -- V, Iu cosGoto)

power measured by wz -- VBY Try ios ( angle b/w ubyeity)
= Voy toy cos 630 - f)

Wa -- viewsGo - ol)

Total power: wit wz
-
- Vii 2 cos 130) cos40)

= B. Views of



Power factor

WEW ,
= Uh - 2- sin 30 sing
= running

Wa-wi
¥,

tano

tano -- B(wwETwT)
x -- tan

-' fBlwww)
W , < Won

For capacitive load
W
,
-_ Vihcosczo-9)
Wz -- Virus (30-1/0)
WALN ,

W,= WE
¢ RF venues Goto) views (30-0) fguBYh[ cos§ Remarks

offrzunf-v.in/rsun..m#i.
resistive



W,= WE
¢ P- F Uch cos Goto) Vikas (30-0) BuBYEhcos§ Remarks

→

30 qq Vids Uch 3-Vuh warm,

2.µ! o ¥nµµ:÷.760 CO-5 -ve Tve Wh-- -ve
Wu--eve

interchange
any one
coil's terminals
in W

,

Q : Tn TWM
,
the ratio of readings is 3:L . And Pf

tano --Blwr# =
-Bye -

-BzWztw ,

cos of = cos (tan
- 'EE))

= 0.76 lead



a. total power and reading of 2 WM -- ? P' ? W
,
-. ? Naz?

Reactive power = 15kVAR -- 9
Load power factor

- 08 lag

Q - S s tis 4 = 15 KVAR

cos 0--0.8 ( inductive)
10=36.870

15-- S sin 36-87

8=25 KVA

P-- 25 cos§ --20kW
Bruh -- 25
Him -22

B

W,
= Vise cos(301-36.87) = 5-67 KW

Wu-- Vik cos (-6-87) = 14-33WW



A. Two wattmeters are connected to measure power in a
30 circuit. the reading of one of the WM is stew when
load Pf is unity . The Pf of load is changed to 0.207 lag
without changing total input power. Calculate the readings
of two wattmeters.

W, = 5kW = Wa = fad Vez ⇒ KIL -- legPf = I ⇒ 04=0
P -- BVith

total power = Fb Veh =
xB = 10kW

cos 02 = 0.707 lag Cinductive)

0/2--450

WitWz -- IO kN

p -- videos 625) t cos 15) = to
Vuk I = 10

2

Vuh -- 1031 = 8-16

W
,
= Venues 75 = 2 - H WW

wz -- Vuh costs = 7.89 kW

Pas cos of ⇒ S = lorz kVA
Q -- S 8in of = lorzxefz e- to KVAR



O: A 30 star- connected load draws a line current of
20 A

.
The load kVA and KW are 20 and It respectively .

Find the readings on each of the two wattmeters used to
measure the 301 power.

S -- 20 kVA
Pa 11 kW
7-
line

= 20A

p -- s cos of
11=20 cos'd
$ I 56.63 "

s -- B Vuh --20 ⇒ Uh --2¥
W, = Yeh cos (30+56.63)

= 2-0 ( 0.0587) = 0.68kW
B

Wor - Vik cos C-26.63)

= 2% (o. 8939) = 10.32kW



A : calculate the readings of two wattmeters connected to
measure the total power for a balanced Y connected
load as shown in the figure ,

fed from a 34 400 V

balanced supply with phase sequence of RYB. Also find
readings of the meters if they are connected in A

.

R I
- -

-
- W

,

Tome

vi. yoo
"EY!

↳ { "2" (Yeh -- aggXi-- j 15ht.ly#hxeni:
Y
-

÷:#
-
--

W2

Zph -- 20 tj15
= 25236-87

Iph -- 9.24L-36.87 A ⇒ {= 9-24

0=-36.87 Uag)



#
Vt

10=36.87
→ Nphviii.in

*a

M- Videos (66.871=1.45 aw ① ?

Wa -- Uch cos (-6-87)--3.67 WW few

TNDW
, I = 16 L- 36.87

R ugh-- 400V
-Mn Vc -- 400W

vii. 1470¥, :÷:::c...
Y --1=1/71/ 9--36.87

B 1-mm-1
-

wz

W,
-
- Veh cos (30+36.87) . 4 -35kW

Wu -Vik cool-6 - 87) = 11.00kW



O : the potential coil of dynamo type wattmeter is connected from
R to Y terminal of the load

.
the current coil of the meter

is connected in series with phase B . By appropriate circuit
diagram ,

show that the quantity indicated by this wattmeter
is proportional to the reactive power drawn by the head .

The phase sequence is RYB .

TR
Rr

TTYhug ¥
,y # B

Y-- y

Bmmmm
cc IB

Q -- B Vuh sin of Phaser Diagram
rVB

±: adding .im#I::7:o.m.TgsVrW
,
= Vpy 2B cos (90-4)

-syµ\ in--kw,
-

- Ury IB Sind
Vy VyB

wi -- Uch miso
w
, x a




