
POLYPHASE CIRCUITS
LEARNING GOALS

Three Phase Circuits
Advantages of polyphase circuits

Three Phase Connections
Basic configurations for three phase circuits

Source/Load Connections
Delta-Y connections

Power Relationships
Study power delivered by three phase circuits

Power Factor Correction
Improving power factor for three phase circuits



THREE PHASE CIRCUITS
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Theorem
For a balanced three phase circuit the instantaneous power is constant
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Proof of Theorem
For a balanced three phase circuit the instantaneous power is constant
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THREE-PHASE CONNECTIONS

Positive sequence
a-b-c

Y-connected
loads Delta connected loads



SOURCE/LOAD CONNECTIONS

BALANCED Y-Y CONNECTION

°∠=

°−∠=

°∠=

120||

120||

0||

pcn

pbn

pan

VV
VV
VV

Positive sequence
phase voltages

abV

bcV

caV

Line voltages

( )

°∠=









−−=

−−=

°−∠°−∠=
−=

30||3

2
3

2
1||||

)120sin120(cos1||

120||0||

p

pp

p

pp

bnanab

V

jVV

jV
VV

VVV

°−∠=

°−∠=

210||3

90||3

pca

pbc

VV

VV

 VoltageLine  == ||3 pL VVY

cn
c

Y

bn
b

Y

an
a Z

VI
Z
VI

Z
VI === ;;

°+∠=°−∠=°∠= 120||;120||;|| θθθ LcLbLa IIIIII
0==++ ncba IIII For this balanced circuit it is enough to analyze one phase



Relationship between
phase and line voltages

LEARNING EXAMPLE For an abc sequence, balanced Y - Y three phase circuit
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The phasor diagram could be rotated by any angle



LEARNING EXAMPLE For an abc sequence, balanced Y - Y three phase circuit
Ω+=Ω+== 1020,11,)(120|| jZjZVV phaselinermsphase source

Determine line currents and load voltages

Because circuit is balanced
data on any one phase are
sufficient
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LEARNING EXTENSION For an abc sequence, balanced Y - Y three phase circuit

voltageslinethe Find .)(90120 rmsVVan °∠=

Relationship between
phase and line voltages
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LEARNING EXTENSION For an abc sequence, balanced Y - Y three phase circuit
Ω+=Ω+=°∠= 38,11,)(6.2602.104|| jZjZVV phaselinermsphase load,

Determine source phase voltages
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DELTA CONNECTED SOURCES Convert to an equivalent Y connection

Relationship between
phase and line voltages

°∠= 30||3 pab VV

°30by lags aban VV
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LEARNING EXAMPLE Determine line currents and line voltages at the loads

Source is Delta connected.
Convert to equivalent Y
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LEARNING EXTENSION Compute the magnitude of the line voltage at the load

Source is Delta connected.
Convert to equivalent Y
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DELTA-CONNECTED LOAD

Method 1: Solve directly
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Method 2: We can also convert the delta 
connected load into a Y connected one. 
The same formulas derived for resistive 
circuits are applicable to impedances
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Line-phase current
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LEARNING EXTENSION
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LEARNING EXAMPLE

°∠=Ω+=∆ 02.3752.1254.710 jZ

Delta-connected load consists of 10-Ohm resistance in series
with 20-mH inductance. Source is Y-connected, abc sequence,
120-V rms, 60Hz. Determine all line and phase currents
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Alternatively, determine first the line currents
and then the delta currents



POWER RELATIONSHIPS
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LEARNING EXAMPLE
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flinelinetotal

flinelinetotal

IVQ

IVP

θ

θ

sin||||3

cos||||3

=

=

f
linelinetotal IVP θcos

3
||||

3
= rmsAIline )(54.3|| =⇒

°−=
=

∆

∆

30
||3||

θθ line
line II

Line-phase current
relationship

rmsAI )(05.2|| =⇒ ∆
Ω==⇒

∆
∆ 46.101

||
||||

I
VZ line

°∠=∆ 2046.101Z

lineV

lineI

Power factor angle
fθ

- Impedance angle

−

+

lineV



LEARNING EXAMPLE For an abc sequence, balanced Y - Y three phase circuit
Ω+=Ω+== 1020,11,)(120|| jZjZVV phaselinermsphase source

Because circuit is balanced
data on any one phase are
sufficient
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LEARNING EXAMPLE
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source theat factor power  and  voltagesline determine
 areimpedanceslinethe If Ω+= 02.005.0 jZlineLEARNING EXAMPLE

continued ….

rmsAIline )(23.139|| =

2* ||3)(3 linelinelinelinelineline IZIIZS ×=×=

)(11632908 VAjSline +=

kVAkVAjS °∠=+= 63.29160.508.246.43total load

kVAjS °∠=+= 17.29264.53963.25508.46total source





°=
×=

17.29
||||3||

f

linelinetotal IVS
θ

inductive

capacitive

fθ

rmsVVline )(87.220
13.1393

264,53 =
×

=

laggingpf f 873.0)17.29cos(cos =°== θ



LEARNING EXTENSION A Y -Y balanced three-phase circuit has a line voltage of
208-Vrms. The total real power absorbed by the load is 12kW
at pf=0.8 lagging. Determine the per-phase impedance
of the load
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Source is Delta connected.
Convert to equivalent Y

Analyze one phase 
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LEARNING EXTENSION Determine real, reactive and complex power at both load
and source
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LEARNING EXTENSION A 480-V rms line feeds two balanced 3-phase loads. 
The loads are rated
Load 1: 5kVA at 0.8 pf lagging
Load 2: 10kVA at 0.9 pf lagging.

Determine the magnitude of the line current from the 408-V rms source
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POWER FACTOR CORRECTION

Balanced
load

Low pf
lagging

Similar to single phase case.
Use capacitors to increase the
power factor

Keep clear about total/phase
power, line/phase voltages
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LEARNING EXAMPLE leadingpfrmskVVHzf line 94.0.5.34||,60 === :Required
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LEARNING EXAMPLE laggingpfrmskVVHzf line 90.0.5.34||,60 === :Required
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Determine the current
flowing. Convert line
voltages to phase voltages

LEARNING EXAMPLE MEASURING POWER FLOW

rmskV°∠= 012 rmskV°∠= 512

Which circuit is the source and 
what is the average power supplied?

Equivalent 1-phase circuit

21

25
3

1200030
3

12000

21 jj
VVI ANan

aA +

°−∠−°−∠
=

+
−=

rmsAIaA )(93.18030.270 −∠=

*

*

)(3

3

aAanX

aAANY

IVS

IVS

−=

×=

MVASY °+−∠××= )93.18025(2703.0123

MWP
MWP

X

Y

91.4
13.5

=
−=

fSP
jQPS

θcos||=
+=

System Y is the source

MVASX °+−∠××−= )93.18030(2703.0123

)( YXloss PPP +−=

Phase differences
determine direction
of power flow!



CAPACITOR SPECIFICATIONS

Capacitors for power factor correction are normally specified in VARs

given. is eother valu unless  Assume
ecapacitanc the know toorder  in given bemust frequency  and  voltageThe

capacitorper 

Hz

CVQ

60

|| 2ω=

FC µ
π

53.26
)1050(602

1025
23

6

2 =
×××

×=

FC µ
π

7.49
)1020(602

105.7
23

6

3 =
×××

×=

FC µ
π

1.106
)1010(602

104
23

6

1 =
×××

×=

kVVkVV phaseline 9.195.34 =⇒=

LEARNING EXAMPLE

FC µ6.48=
= needsoneleading 0.94pfFor Capacity Rated Voltage (kV) Rated Q (Mvar)

1 10 4
2 50 25
3 20 7.5

Choices available

Capacitor 1 is not rated at high enough
voltage!

Capacitor 3 is the best alternative



LEARNING BY DESIGN

Proposed new storermsA 170at ratedwire #4ACSR

1. Is the wire suitable?

2. What capacitance
would be required to
have a composite 
pf =0.92 lagging
Capacitors are to be
Y - connected

f

f

f

pf
SQ
SP

jQPS

θ
θ
θ

cos

sin||

cos||

=

=

=
+=

*

*

3

3

lineline

phasephaseTotal

IV

IVS

××=

××=

321 SSSStotal ++=
kVAj

S
420560
9.367001

+=
°∠=

kVAj
kVAS

866500
6010002

+=
°∠=

kVAj
kVAS

349720
8.258003

+=
°∠=

kVAkVAjStotal °∠=+= 57.42241716351780

rmsA
V

SI
line

total
line 1.101

108.133
10417.2

3
|||| 3

6
=

××
×=

×
= Wire is OK

new
new

old Q
pf
P

→




oldnew QQQ −=∆

)(tan newfP θ= kVA28.758=

kVA72.876−=
2|| CVQ ω=capacitorper 

3
8.13|| kVVV phase ==

( )
( ) 3/108.13602

3/1072.876
23

3

×××

×=
π

C Fµ2.12=
Polyphase


