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ECL 4340

POWER SYSTEMS

LECTURE 2
REACTIVE COMPENSATION, POWER FACTOR

CORRECTION, THREE-PHASE CIRCUITS

ANNOUNCEMENT

• Please read Chapters 1 and 2

• HW 1; Project 1:– due Wednesday 9/1, in Canvas

• in‐class quiz, randomly administered

• For Project, you need to use the PowerWorld Software. 
You can download the software and cases at the link 
below; get version 19 (August 6, 2018) 
http://www.powerworld.com/gloveroberbyesarma.asp

EXAMPLE

First solve basic circuit:

*

40000 0
400 0 Amps

100 0

40000 0 (5 40) 400 0

42000 16000 44.9 20.8  kV

S 44.9k 20.8 400 0

17.98 20.8  MVA  16.8 6.4 MVA
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EXAMPLE

Now add additional reactive power load & resolve:

70.7 0.7 lagging

564 45 Amps

59.7 13.6  kV

S 33.7 58.6  MVA  17.6 28.8 MVA

LoadZ pf

I

V

j

  
  
  
    

POWER SYSTEM NOTATION

Power system components are usually shown as
“one-line diagrams.”  Previous circuit redrawn

 59.7 kV

17.6 MW

28.8 MVR

 40.0 kV

16.0 MW

16.0 MVR

 17.6 MW  16.0 MW
-16.0 MVR 28.8 MVR

Generators are 
shown as circles

Transmission lines 
are shown as a 
single line

Arrows are
used to 
show loads

REACTIVE COMPENSATION

Key idea of reactive compensation is to supply reactive
power locally.  In the previous example this can
be done by adding a 16 Mvar capacitor at the load.

44.94 kV

16.8 MW

 6.4 MVR

 40.0 kV

16.0 MW

16.0 MVR

 16.8 MW  16.0 MW
  0.0 MVR  6.4 MVR

 16.0 MVR

Compensated circuit is identical to the first example 
with just real power load.
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REACTIVE COMPENSATION, CONT’D

 Reactive compensation decreased the line flow 
from 564 Amps to 400 Amps. Advantages: 

 Lines losses, which are equal to I2 R decrease

 Lower current allows utility to use small wires, or 
alternatively, supply more load over the same wires

 Voltage drop on the line is less

 Reactive compensation is used extensively by 
utilities

 Capacitors can be used to “correct” a load’s 
power factor to an arbitrary value.  

POWER FACTOR CORRECTION EXAMPLE

1

1
desired

80 60 kVA cos 0.8 36.9

 of 0.95 requires cos 0.95 18.2

80 (60 )  

60 -
tan18.2 60 26.3 kvar

80
33.7 kvar

new cap

cap
cap

cap

S j

pf

S j Q

Q
Q

Q
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





    

  

  

    



Assume we have 100 kVA load with pf=0.8 lagging,

and would like to correct the  to 0.95 laggingpf

DISTRIBUTION SYSTEM CAPACITORS
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BALANCED 3 PHASE () SYSTEMS

 Bulk power systems are almost exclusively 3

 Single phase is used primarily only in low voltage, 
low power settings, such as residential and some 
commercial

 A balanced 3 phase () system has

 three voltage sources with equal magnitude, but with an 
angle shift of 120

 equal loads on each phase

 equal impedance on the lines connecting the generators 
to the loads 

BALANCED 3 PHASE () SYSTEMS

BALANCED 3 PHASE () SYSTEMS
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BALANCED 3 PHASE () SYSTEMS

BALANCED 3 PHASE () SYSTEMS

BALANCED 3 PHASE () SYSTEMS
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ADVANTAGES OF 3 POWER

 Can transmit more power for the same amount of 
wire (twice as much as single phase)

 Torque produced by 3 machines is constant

 Three-phase machines use less material for the 
same power rating

 Three-phase machines start more easily than single 
phase machines

THREE PHASE - WYE CONNECTION

 There are two ways to connect 3 systems

 Wye (Y)

 Delta ()

an

bn

cn

Wye Connection Voltages

V

V

V

V

V

V





  

  

  

WYE CONNECTION LINE VOLTAGES
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WYE CONNECTION LINE VOLTAGES

WYE CONNECTION LINE VOLTAGES

WYE CONNECTION, CONT’D

 Define voltage-across/current-through a device to 
be phase voltage/current

 Define voltage-across/current-through a line to be 
line voltage/current

6
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3 1 30 3
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Line Phase Phase

Line Phase

Phase Phase

V V V e

I I

S V I





   



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DELTA CONNECTION

DELTA CONNECTION

DELTA CONNECTION
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DELTA CONNECTION

DELTA CONNECTION

 Define voltage-across/current-through a device to 
be phase voltage/current

 Define voltage-across/current-through a line to be 
line voltage/current

6
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Line Phase Phase

Line Phase

Phase Phase

I I I e

V V

S V I
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

THREE PHASE EXAMPLE

Assume a -connected load is supplied from a 3
13.8 kV (L-L) source with Z = 10020 

13.8 0

13.8 0

13.8 0

ab

bc

ca

V kV

V kV

V kV

  
  
  

138 140 138 0bc caI amps I amps     

13.8 0
138 20ab

kV
I amps

 
   
 
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THREE PHASE EXAMPLE, CONT’D

*3 3 13.8 0 kV 138 amps

5.7  MVA

5.37 1.95 MVA

pf cos20  lagging

ab abS V I

j

       

 
 
   

138 20 138 0

239 50 amps
a ab caI I I       

  
239 170 amps 239 0 ampsb cI I     

DELTA-WYE TRANSFORMATION

phase

2) Δ-connected sources can be replaced by 

Y-connected sources with V
3 30

LineV


 

Y

To simplify analysis of balanced 3  systems:

1) Δ-connected loads can be replaced by 
1

Y-connected loads with Z
3

Z





DELTA-WYE TRANSFORMATION PROOF
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THREE-PHASE TRANSMISSION

LINE
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