
ECE 470  POWER SYSTEMS I 

 
Lab # 2   Per-unit Representation of Power System Elements 

 

The objective of this lab is to model a synchronous machine, a Y-∆ transformer, and a 

load in pu calculations and to use this model to predict load and voltage levels. 

 

 PRE-LAB 

Complete this before starting the lab 

 

Review the lab and lecture material from 

Machines & Power (ECE370) which specifies 

how to measure the series impedance of 

transformers.  Also review the material in 

chapter 7 of Yamayee & Bala that deals with 

the measurement of the synchronous 

reactance of generators, this involves dividing 

the rated open-circuit voltage by the rated 

short-circuit current.  Complete the drill 

exercise on the back of this page and confirm 

you have the correct answer. 

For the circuit shown below, devise 

circuit diagrams that will measure the following: 

a) Line voltage and line current at the load 

and the generator terminals. 

b) The real and reactive power drawn by 

the load.  Use the Yokagowa power 

meter and oscilloscope for this. 

 

 

 

 

 LAB PROCEDURE 

Get your circuit approved before starting 

 

The lab bench should be arranged with 

two synchronous machines mounted on the 

bedplate.  One machine will be run as a motor, 

driving the other machine as a generator.  Use 

the variable 3φ supply to run the motor. 

Measure the synchronous reactance of 

the generator; do this by measuring the OCC 

and SCC, then divide the rated open-circuit 

voltage by the corresponding short-circuit 

current.   Its resistance can be neglected (you 

may want to confirm this with an ohmmeter). 

Measure the winding resistance and 

leakage reactance of the transformer viewed 

from the X winding, when both sets of X and H 

windings are in series. 

The output of the generator goes 

through the transformer, being stepped up to 

240 V line-to-line.  This means that the X 

windings need to be in series on the Y side, 

while the H windings will also be in series on 

the ∆ side. 

The load is a parallel Y-connected 300Ω 

resistance and 600Ω inductive reactance.  This 

should draw approximately 215 VA @ 0.9 lag 

pf when the load voltage is 240 V. 

Using base values of 200VA, 240V in 

the load circuit, determine the values of Ef 

(unsaturated and saturated), the corresponding 

values of If and Vt needed to supply the load @ 

240 V. 

Set the generator excitation current so 

that the open-circuit voltage is equal to the 

saturated value of Ef.  Re-connect the load, 

measure and compare Vt and VL with the 

predicted values. 



 

 

 

 Drill Problem 

 

a) A 14kV/1.4kV transformer is comprised of three single-phase units connected Y-∆.  Each 

unit is rated 3 MVA 8kV/1.4kV and had the following Short-circuit data for tests performed 

on the hv side:  567.5 V, 375 A, 28.1 kW.  Determine the winding resistance and leakage 

reactance. 

 

b) A 14 kV, 9MVA synchronous generator has a synchronous reactance of 16.17 ohm.  This 

generator and the transformer from part (a) are to be used to supply a load of 9 MVA @ 

0.9 lag pf. at 1.4 kV.  Work on a base of 9 MVA and 1.4 kV in the load circuit and 

determine the magnitudes of the excitation and terminal voltages (kV line) of the generator. 



 



 



 



 


