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▪  To draw the open circuit curve we will use the measured values for If and Ul . 

▪  To draw the short circuit curve we will use the slope of the curve since we know the 

coordinates of point b that is (750,7000). The slope is: 7000 / 750 9.33m  . From the equation 

below, we can find the analytical equation of the line since we know the slope and coordinates of 

a point on the line. 

1 1(x x )y y m    

𝑦 − 7000 = 9.33(𝑥 − 750) 

𝑦 = 9.33𝑥 + 2.5 

 

Where x is the measured points of If. 



▪ To draw Air-gap line we will use linear interpolation from the test results. The slope of the 

curve can be found from the first measured test values as:  

m = 33.75 10 /150 25   

1 1(x x )y y m    

𝑦 − 3750 = 25(𝑥 − 150) 

𝑦 = 25𝑥 

Values of the y-axis for the line can be found as: 

3(1:7) 25 [ 3.75    7.5   11.25   15   18.75   22.5   30] 10fI     

Then we can draw the line. Airgap line represents the unsaturated operation of the machine. 

▪  To draw the modified air-gap curve first we need to find the coordinates of point c since we 

know the point a that is (750,0). If we place this in the open circuit test curve we find the 

coordinates of point c as (750,15000). Therefore, slope is 15000 / 750 20m  . From the equation 

below we can find the analytical equation of the line. 

1 1(x x )y y m    

15000 20(x 750)

y 20x

y   


  

Using this expression and If values we can draw the line for the modified airgap. 
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Divide both sides with cos  

𝑈𝑡 tan 𝛿 = 𝑋𝑞𝐼𝑎(cos(∅) − sin ∅ tan 𝛿) 

tan 𝛿 (𝑈𝑡 + 𝑋𝑞𝐼𝑎 sin ∅) = 𝑋𝑞𝐼𝑎 cos(∅) 

tan 𝛿 =
𝑋𝑞𝐼𝑎 cos(∅)

(𝑈𝑡 + 𝑋𝑞𝐼𝑎 sin ∅)
=

1 ∙ 3849 ∙ 0.9

6928 + 1 ∙ 3849 ∙ 0.436
= 0.4 

ϕ
ψ



𝛿 = 21.93°, 𝟁 = ∅ + 𝛿 = 47.77° 
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→ the derivation is the same as in the previous example  
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