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What is a Three-Phase Circuit?

It is a system produced by a generator 
consisting of three sources having the same 
amplitude and frequency but out of phase with 
each other by 1200.
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Advantages
1- Almost all the electric power is generated and 
distributed in three-phase.
2- The instantaneous power in a three-phase system 
is constant
==>   There is less vibration in the rotating 
machinery which in turn performs more efficiently.
3- The amount of power loss in the three-phase 
system is only half the power loss in the cables for 
the single phase system.
4- Thinner conductors can be used to transmit the 
same KVA at the same voltage.



Balanced Three Phase Generator



The Three – Phase Generator:
a) Has three induction coils.
b) Placed 1200 a part on the rotor.
c) The three coils have an equal number of turns.
d) The voltage induced across each coil will have 
the same peak value, shape and frequency.



Balanced Three-Phase Sources:
• Two possible configurations
1- The Y-connected source 

 voltagesphase called are  V andV,V cnbnan


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2)  The ∆- connected source
a

c
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 voltagesline  toline called are  V andV,V cabcab
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The Phase Sequence
• The phase sequence is the time order in 

which the voltages pass through their 
respective maximum values 

1- abc sequence (positive sequence)
𝑉𝑉𝑎𝑎𝑎𝑎 = 𝑉𝑉𝑎𝑎 = 𝑉𝑉𝑃𝑃∡00

𝑉𝑉𝑏𝑏𝑛𝑛 = 𝑉𝑉𝑏𝑏 = 𝑉𝑉𝑃𝑃∡ −1200

𝑉𝑉𝑐𝑐𝑛𝑛 = 𝑉𝑉𝑐𝑐 = 𝑉𝑉𝑃𝑃∡ + 120



𝑉𝑉𝑎𝑎𝑎𝑎 = 𝑉𝑉𝑎𝑎 = 𝑉𝑉𝑃𝑃∡00

𝑉𝑉𝑏𝑏𝑛𝑛 = 𝑉𝑉𝑏𝑏 = 𝑉𝑉𝑃𝑃∡ −1200

𝑉𝑉𝑐𝑐𝑛𝑛 = 𝑉𝑉𝑐𝑐 = 𝑉𝑉𝑃𝑃∡ + 120
𝑉𝑉𝑃𝑃

−𝑉𝑉𝑃𝑃



2- acb sequence (Negative sequence)
𝑉𝑉𝑎𝑎𝑎𝑎 = 𝑉𝑉𝑎𝑎 = 𝑉𝑉𝑃𝑃∡00

𝑉𝑉𝑏𝑏𝑛𝑛 = 𝑉𝑉𝑏𝑏 = 𝑉𝑉𝑃𝑃∡ +1200

𝑉𝑉𝑐𝑐𝑛𝑛 = 𝑉𝑉𝑐𝑐 = 𝑉𝑉𝑃𝑃∡ − 120



𝑉𝑉𝑎𝑎𝑎𝑎 = 𝑉𝑉𝑎𝑎 = 𝑉𝑉𝑃𝑃∡00

𝑉𝑉𝑏𝑏𝑛𝑛 = 𝑉𝑉𝒃𝒃 = 𝑉𝑉𝑃𝑃∡ − 𝟏𝟏𝟏𝟏00

𝑉𝑉𝑐𝑐𝑛𝑛 = 𝑉𝑉𝒄𝒄 = 𝑉𝑉𝑃𝑃∡ + 𝟏𝟏𝟏𝟏00

𝑉𝑉𝑎𝑎𝑎𝑎 = 𝑉𝑉𝑃𝑃
𝑉𝑉𝑏𝑏𝑛𝑛 = 𝑉𝑉𝑃𝑃𝐶𝐶𝐶𝐶𝐶𝐶 −120𝑜𝑜 + 𝑗𝑗𝑉𝑉𝑃𝑃𝑆𝑆𝑆𝑆𝑆𝑆 −120𝑜𝑜

𝑉𝑉𝑐𝑐𝑛𝑛 = 𝑉𝑉𝑃𝑃𝐶𝐶𝐶𝐶𝐶𝐶 +120𝑜𝑜 + 𝑗𝑗𝑉𝑉𝑃𝑃𝑆𝑆𝑆𝑆𝑆𝑆 +120𝑜𝑜

𝑉𝑉𝑏𝑏𝑛𝑛 = 𝑉𝑉𝑃𝑃 −
1
2
− 𝑗𝑗

3
2

𝑉𝑉𝑐𝑐𝑛𝑛 = 𝑉𝑉𝑃𝑃 −
1
2

+ 𝑗𝑗
3

2





Line to Line Voltages
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b

n

c

 voltagesline  toline are  V,V,V cabcab



𝑉𝑉𝑎𝑎𝑎𝑎 = 𝑉𝑉𝑃𝑃∡00

𝑉𝑉𝑏𝑏𝑛𝑛 = 𝑉𝑉𝑃𝑃∡ − 𝟏𝟏𝟏𝟏00

𝑉𝑉𝑐𝑐𝑛𝑛 = 𝑉𝑉𝑃𝑃∡ + 𝟏𝟏𝟏𝟏00

let

𝑉𝑉𝑎𝑎𝑏𝑏 = 𝑉𝑉𝑎𝑎𝑎𝑎 + 𝑉𝑉𝑛𝑛𝑏𝑏

𝑉𝑉𝑎𝑎𝑏𝑏 = 𝑉𝑉𝑎𝑎𝑎𝑎 − 𝑉𝑉𝑏𝑏𝑏𝑏

𝑉𝑉𝑎𝑎𝑏𝑏 = 𝑉𝑉𝑃𝑃∡00 − 𝑉𝑉𝑃𝑃∡ − 𝟏𝟏𝟏𝟏00

𝑉𝑉𝑎𝑎𝑏𝑏 = 𝑉𝑉𝑃𝑃 − 𝑉𝑉𝑃𝑃 𝐶𝐶𝐶𝐶𝐶𝐶 −120𝑜𝑜 + 𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗 −120𝑜𝑜



𝑉𝑉𝑐𝑐𝑐𝑐 = 𝑉𝑉𝒄𝒄𝒄𝒄 3 ∡ + 𝟑𝟑00 V







Balanced Three Phase Loads 
• A balanced load has equal impedances on 

all the phases. Two connection schemes are 
used:

1- Y-connected load 
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Balanced Three Phase Loads 
2- ∆-connected load 
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Three Phase Connections

• Both the three phase source and the three 
phase load can be connected either Wye or 
Delta 

We have 4 possible connection types. 
• Y-Y Connection 
• Y- 𝛥𝛥 Connection 
• 𝛥𝛥 – 𝛥𝛥 Connection 
• 𝛥𝛥 - Y Connection 





Balanced Y-Y System 
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Balanced Y-Y System 
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Example
• Calculate The line currents
If the following is given:
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A

B

N

C( )
( )Ω+=

Ω+=
〈+=

〈−=

〈=

1020Z
11Z

rms V  120  201V

rms V  120  201V

rms V  0  201V

T

Y

0
cn

0
bn

0
an

j
j







Solution
We can use single phase 
Representation (since we have 
balanced three phase system)
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Solution

( ) ( )102011
0  201

ZZ
VI

0

YT

an
aA jj +++

〈
=

+
=


 a

n

A

N

Note:  It is enough to find one of the line currents and the other 
two are shifted by an angle equal to the phase voltage shift

( ) rmsA   65.27 06.5
1121
0  201I

0

aA
o

j
−=

+
〈

=∴


rmsA   65.1475.6712065.27 06.5IbB
ooo −=−−=∴



rmsA   35.925.6712065.27 06.5IcC
ooo =+−=∴





Balanced Y-∆ system
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Example
Calculate The line currents
If the following is given:

( )

Sequence Positive
0Z

66Z
30  201V

T

0
an

=
Ω+=

〈=

∆ j



150  201V

90  201V

cn

0
bn

〈=

〈−=

∴







Balanced Y-∆ system
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Calculate The line currents:

rms V  60  3201VV 0
ABab 〈==


load  theof currents 
phase  theare  I,I,I CABCAB


rmsA    15 5.24VI 0AB

AB 〈==
∆Z




rmsA    105 5.24I 0
BC 〈−=∴


rmsA    135 5.24I 0
CA 〈=∴




Balanced Y-∆ system
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Calculate The line currents:

rmsA   15 42.44

135 5.2415 5.24

III
A @ KCL

o

CAABaA

−=

−=

−=
oo



o
ABaA 03 I 3I −=


sequence abcfor  03only by  
current  phase  thelagscurrent  Line

o−

rmsA   105 42.44I

rmsA   135 42.44I
o

cC

o
bB

=∴

−=∴

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Second Method
Using ∆-Y transformation for the load
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Second Method

a

n

A

N

22
3

66ZY jj
+=

+
=

rmsA   15 44.42IaA
o−=∴



rmsA   10544.4212015 44.42I

rmsA   13544.4212015 44.42I

cC
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ooo

ooo

=+−=∴

−=−−=∴
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Example 2

( )
( )
( )
sequence  abc

5.02.0Z
9.03.0Z

8.855.118Z
rms V  0  201V

S

T

0
an

Ω+=
Ω+=

Ω+=
〈=

∆

j
j

j



Bbb’

Ccc’

Aaa’

1)  Calculate The line currents:

2)  Calculate The phase currents of the load

3)  Calculate The phase voltage at the load 
terminal VAB, VBC, VCA



Single Phase Representation

++++++
=

++
=

6.285.399.03.05.02.0
120120

jjj
Y

Z
T

Z
S

ZaAI


N

Aaa’

n

6.285.39
3

8.855.118
3

j

jZ
YZ

+=

+=∆=

rmsA  87.36 4.2 o
aAI 〈−=


rmsA  87.156 4.2 o
bBI 〈−=
 rmsA  13.83 4.2 o

cCI 〈=




2)  Calculate The phase currents of the load

rmsA  30   
3

1 o
aAIABI 〈=


rmsA  87.36 4.2 30   
3

1 























〈−〈=∴ oo

ABI


rmsA  87.6 .391 






 〈−=∴ o
ABI


rmsA  87.126 .391 






 〈−=∴ o
BCI


rmsA  13.113 .391 






 〈=∴ o
CAI




3)  Calculate The phase voltage at the load 
terminal VAB, VBC, VCA

First Method

ABIZABV


∆=

( ) rmsA  
o

6.87 1.39j85.8118.5ABV 









〈−+=∴



rms V o04.29 72.202ABV 〈=∴


rms V o96.90 72.202BCV 〈−=∴


rms V o04.149 72.202CAV 〈=∴




3)  Calculate The phase voltage at the load 
terminal VAB, VBC, VCA

Second Method: From single phase 
representation

aAIYZANV


=

( ) rms V 
o

6.873 2.4j28.639.5ANV 









〈−+=∴



rms V o96.0 04.117ANV 〈−=∴


rms V o96.90 72.202BCV 〈−=∴


rms V o04.149 72.202CAV 〈=∴


rms V 04.29202 o96.0 04.117  o30 3ABV 

ANV  o30 3ABV 

o〈=




 〈−〈+=∴

〈+=∴







Power in Balanced Three Phase System
A

B N

C

a

bn
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The total instantaneous power in  a balanced 
three phase system is constant

( ) ( )tcos PV2ANV ω=t


( ) 




=∴ o120-tcos PV2BNV ωt



( ) 




 +=∴ o120tcos PV2CNV ωt





( ) ( )θω -tcos I 2 PaA =ti


( ) ( ) ( ) ( )
( ) ( ) ( )

( ) ( ) ( )
( ) ( ) ( )o120-tcoso120tcos IV 2

o120-tcoso120-tcos IV 2

-tcostcos IV 2

PP

PP

PP

cba

++=

−=

=

++=

θωω

θωω

θωω

tP

tP

tP

tPtPtPtP

c

b

a

( ) ( ) ( ) ( )[ ]βαβαβα −++= coscos
2
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( )

( ) 




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




 −=
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oti

120-tcos I 2

120-tcos I 2
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θω
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



( ) ( )[ ]
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cos IV3

cos 3 IV 
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=tP



Power Calculations in Balanced 
3Φ Systems

1) Average Power in Balanced Y load

( )iAvAAP Φ= -Cos IV ANAN θ

( )
( )iCvCC

iBvBB
P

P

Φ=

Φ=

-Cos IV 

-Cos IV 

CNCN

BNBN
θ

θ

Φ=== VVVV CNBNAN

( ) ( ) ( ) Φ=Φ=Φ=Φ

===

θθθθ iCvCiBvBiAvA ---

IIII ΦCNBNAN



( )
Φ

=== ΦΦ θCos IV CBA PPP

( )ΦθCos IV3 ΦΦ=TP

LIIL

but

== ΦΦ       &     
3

V
V

( )
( )Φ

Φ

θCos IV3    

θCos I
3

V
3

LL

LT
LP

=

=∴



( )
( )

( )
Φ

ΦΦΦ

ΦΦΦ

=∴

=

===

θ

θ

θ

Sin IV3

Sin IV3

Sin IV 
load Y balancedin Power  Reactive )2

LLT

T

CBA

Q

Q

QQQ

ΦΦΦ

ΦΦ

〈==
Φ

=∴

+====

θLLT

CBA

SS

SSS

IV3*IV33

jQP *IV 

load Y balancedin Power Complex  )2

ΦΦ






1) Average Power in Balanced ∆ load

( ) ( ) ( ) φθθθθ

θ

θ

θ

=Φ=Φ=Φ

===

===







 Φ=







 Φ=







 Φ=

Φ

Φ

CACABCBCABAB

CACA

BCBC

ABAB

iviviv
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C
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A
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IIII

VVVV
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( )
( )

( )

( )Φ=

Φ=∴

==

Φ=

Φ===

ΦΦ

ΦΦ

ΦΦ

Cos IV3    

Cos 
3

I
V3

3
      &     VV

Cos IV3

Cos IV 

LL

T

T

CBA

LP
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I
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P

PPP

L

L

This is the same formula derived earlier for the Y connected circuit



( )
( )
( )

Φ
=

Φ
=

Φ
====

∆

ΦΦ
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θ

θ

θ

Sin IV3    

Sin IV3

Sin IV 
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Comparing the Power Loss
a) A Single Phase System

PLoss = 2 IL
2.R

IL =   
PL

VL . Pf

PLoss =   2 𝑷𝑷𝑳𝑳
𝟐𝟐

𝑽𝑽𝑳𝑳
𝟐𝟐.𝑷𝑷𝒇𝒇𝟐𝟐

. R



b) a three phase system

Single 
Phase
source

R

R

R

Three
Phase

Balance
Load

Three 
Phase 
Source

PLoss = 3 IL
2.R

IL =   
PL

3 VL . Pf

PLoss =   
𝑷𝑷𝑳𝑳
𝟐𝟐

𝑽𝑽𝑳𝑳
𝟐𝟐.𝑷𝑷𝒇𝒇𝟐𝟐

. R

This proves that 
power loss is half 
power loss in single 
phase circuit



Example

• A balanced 3 Φ load requires 480 kW at a 
lagging power factor of 0.8. (Y-Y system)

• The load is fed from a line having an 
impedance of (0.005 + j0.025) Ω / Φ 

• The line voltage at the terminal of the load 
is 600 Vrms



1) Calculate The Magnitude of the line current
2) Calculate the magnitude of the line voltage 
at the sending end of the line
3) Calculate the power factor at the sending 
end of the line





Solution
• Single Phase Representation

𝑃𝑃𝑎𝑎𝑎𝑎 =160 kW

𝑸𝑸 = 𝑃𝑃𝑎𝑎𝑎𝑎 tan cos−1 𝑷𝑷𝑷𝑷

= 𝟏𝟏𝟏𝟏𝟏𝟏 𝒌𝒌𝑉𝑉𝑉𝑉𝑉𝑉

kVA  j120160S

jQ
av

PS

+=

+=







Arms 577.35
L

I
rms

A  o36.87577.35
rms

I

=∴

〈−=∴


*.

kVA  120601

rms
I

rms
VS

jS





=

+=



( )   o0
3

600
Irms025.0005.0 〈++=
 jV an

 Vrms o57.151.357Van 〈=

 Vrms 51.357Van =∴

 Van 3VL =∴

 Vrms 23.619VL =∴











Φ=
iv

Pf -Cos  θ

( )
lagging  0.783Pf

36.87o1.57oCos  

=

+=Pf



Measuring Avg Power in 3-Φ System
The Two- Wattmeter Method

 angle impedance   ; Z ≡〈= θθφ zzZ

θ1CosIaA.VABW1 =

I aA andVABbetween angle Theθ1 ≡



( )30oθzCosIL.VL W1 +=∴

30oθzθ1 +=∴

II

 o30V 3V

ANaA

ANAB

=

〈= 

For a positive phase sequence:



θ2CosIcC.VCBW2 =

I cC andVCBbetween angle Theθ2 ≡

30oθzθ2 −=∴

VBCVCB −=

o180   VBCVCB 〈=

o180  o240-   VCAVCB 〈〈=

o60-   VCAVCB 〈=

Since we have VCB

not VBC



( )30oθzCosIL.VL W2 −=∴

o60-   VCAVCB 〈=

o30   VCN3VCB

o60- o30   VCN3VCB

−〈=

〈+〈=

 II CNcC =

30oθzθ2 −=∴



)30θzCos(IL.VLW2
o−=

)30θz(CosIL.VLW1
o+=

)30
oCos θzCos (2IL.VLW2W1 =+∴

30 .θzS30 Cos.θzCos)30θzCos( ooo Sinin−=+

30 .θzS30 Cos.θzCos)30θz(Cos ooo Sinin+=−
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Example
Calculate the reading of each Wattmeter 
if 

• Solution
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