
 

Per Unit System – Practice Problem 
Solved For Easy Understanding 

Let’s understand the concept of per unit system by solving an example. In the 

one-line diagram below, the impedance of various components in a power 

system, typically derived from their nameplates, are presented. The task now is 

to normalize these values using a common base.

 

Figure 1: Oneline Diagram Of A Power System 

Now that you have carefully examined the system and its parameters, the 

equivalent impedance diagram for the above system would look something like 

the following. 



 

 

Figure 2: Impedance Diagram Of A Power System 

Resistive impedance for most components have been ignored. Rotating machines 

have been replaced with a voltage source behind their internal reactance. 

Capacitive effects between lines and to ground are ignored as well. 

To obtain the new normalized per unit impedances, first we need to figure out 

the base values (Sbase, Vbase, Zbase) in the power system. Following steps will 

lead you through the process. 

Step 1: Assume a system base 

Assume a system wide  of 100MVA. This is a random assumption and 

chosen to make calculations easy when calculating the per unit impedances. 

So,  = 100MVA 



Step 2: Identify the voltage base 

Voltage base in the system is determined by the transformer. For example, with 

a 22/220kV voltage rating of T1 transformer, the  on the primary side of T1 

is 22kV while the secondary side is 220kV. It does not matter what the voltage 

rating of the other components are that are encompassed by the  zone. 

See figure below for the voltage bases in the system. 

 
Figure 3: Voltage Base In The Power System 

 
 
Step 3: Calculate the base impedance 

The base impedance is calculated using the following formula: 

 Ohms…………………………………………………………………..(1) 

For T-Line 1: = 484 Ohms 



For T-Line 2: = 121 Ohms 

For 3-phase load: = 1.21 Ohms 

Step 4: Calculate the per unit impedance 

The per unit impedance is calculated using the following formulas: 

 ……………………………………………………………………………..(2) 

 ……………………………….(3) 

The voltage ratio in equation (3) is not equivalent to transformers voltage ratio. 

It is the ratio of the transformer’s voltage rating on the primary or secondary 

side to the system nominal voltage on the same side. 

For T-line 1 using equation (2): = 0.1 pu 

For T-line 2 using equation (2): = 0.5 pu 

For 3-Phase load: 

Power Factor:  

Thus,  

= 1.1495+j1.53267 Ohms 



Per unit impedance of 3-phase load using equation (2)= 

 = 0.95+j1.2667 pu 

For generator, the new per unit reactance using equation (3) 

 = 0.2 pu 

For transformer T1:  = 0.2 pu 

For transformer T2:  = 0.15 pu 

For transformer T3:  = 0.16 pu 

For transformer T4:  = 0.2 pu 

For Motor,  = 0.25 pu 

The equivalent impedance network with all the impedances normalized to a 

common system base and the appropriate voltage base is provided below. 

 
Per Unit Impedance Diagram 



Summary: 

1. Assume a Sbase for the entire system. 

2. The Vbase is defined by the transformer and any off-nominal tap setting it 

may have. 

3. Zbase is derived from the Sbase and Vbase. 

4. The new per unit impedance is obtained by converting the old per unit 

impedance on old base values to new ones. See equations (2) and (3). 
 


