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1.
Single-Phase Per Unit System

Advantages of the per unit system:

1.
Transformers can be replaced by their equivalent series impedances.

2.
Equipment impedances can be easily estimated since their per unit impedances lie within a relatively narrow range.

Define four quantities in per unit of their respective base values:
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The relationships among the bases are
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Once two base variables are specified, the other two base variables may be calculated.

A convenient relation, derived from the two above equations, is
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Consider a transformer with an 
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Let side 1 and side 2 have base values designated by subscripts S1 and S2.  Then
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Expressing the transformer impedance on the two respective bases yields
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If 
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 , the two above equations may be combined so that



[image: image17.wmf]PU

L

base

base

PU

L

Z

V

V

N

N

Z

1

2

2

1

2

1

2

2

ú

û

ù

ê

ë

é

ú

û

ù

ê

ë

é

=

 .

Substituting the relation between 
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Therefore, if 
[image: image21.wmf]1

2

1

2

N

N

V

V

base

base

=

 , then 
[image: image22.wmf]PU

L

PU

L

Z

Z

1

2

=

 .

Hence, if a common voltampere base is chosen on both sides of the transformer, and if the voltage bases are chosen so that they vary according to the transformer turns ratio, then the per unit series impedance of the transformer is the same value on both sides.

When analyzing a circuit with many transformers, a common voltampere base should be chosen throughout the circuit, and a voltage base should be chosen at one location.  The voltage base must vary across the circuit according to the transformer turns ratios.

When analyzing a circuit in per unit, if the bases are chosen according to the above rules, transformers can be replaced by their equivalent per unit series impedances, and their turns can be ignored.

A manufacturer usually provides the impedance of a transformer on the transformer's rated voltage and power bases.  However, when solving a power network circuit, the power and voltage bases must vary according to the above rules, and they may not equal the manufacturer-specified bases.  Per unit impedances, specified on one base, may be converted to a new base as follows:
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2.
Three-Phase Per Unit System

The same advantages apply to a three-phase system if the following rules are obeyed:

1.
A common three-phase voltampere base is used throughout the system, where
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2.
Once selected at a point in the network, the three-phase voltage base must vary according to the line-to-line transformer turns ratios.

Convenient formulas relating single-phase to three-phase bases are given below.
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Example Problem:

Information for a small power system is shown below.  Per unit values are given on the equipment bases.  Using a 138kV, 100MVA base in the transmission lines, draw the positive and negative sequence per unit diagrams.  Assume that no current is flowing in the network, so that all generator and motor voltages are 1.0pu (positive sequence) in your final diagram.
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Trans3


X = 0.10


40MVA


138kV GY/ 13.8kV Delta
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TLine2
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Gen1


X” = 0.15


40MVA


20kV GY,


j0.1 ohm grounding reactor





Line1


R+ = 10Ω


X+ = 60Ω





Line2


R+ = 10Ω


X+ = 60Ω





Motor


X” = 0.10


25MVA


13.2kV


Delta





Trans2


X=0.14


50MVA


138kV GY/ 20kV Delta





For transmission lines, assume that


R0 = 5 • R+


X0 = 3 • X+





For generators and transformers, 


let Z0 = Z+





Negative seq. impedances same as positive seq. impedances.





Gen2, X” = 0.15, 35MVA, 22kVGY, j0.1 ohm grounding reactor
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