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example- Transformer VR & Efficiency using Secondary Equiv. Circuit 

A transformer is rated 2300 Vrms : 208 Vrms and 45 kVA at 60 Hz.  It has per-
unit equivalent circuit parameters- Req = 0.02, Xeq = 0.04, RC = 90, & XM = 20.  
Determine the secondary equivalent circuit.  Then, find the voltage regulation 
(VR) and efficiency for loads of :  a) 40 kVA w/ 0.9 leading PF, b) 40 kVA w/ 
a unity PF, and c) 38 kVA w/ 0.65 lagging PF. 

Per (3-5), calculate turns ratio a = VP / VS = 2300/208    ⇒  a = 11.0577. 

Choose:  Sbase = 45 kVA and Vbase = 208 Vrms (secondary side). 

Then:   Ibase = Sbase  / Vbase = 45,000 / 208           ⇒ Ibase = 216.346 Arms.  

Per (3-61), Zbase = Vbase  / Ibase = 208 / 216.346   ⇒ Zbase = 0.9614222 Ω. 
 
The secondary equivalent circuit values are: 

RC,S = RC,pu (Zbase) = 90 (0.9614222)             ⇒  RC,S = 86.528 Ω, 

XM,S = XM,pu (Zbase) = 20 (0.9614222)                      ⇒  XM,S = 19.2284 Ω, 

Req,S = Req,pu  (Zbase) = 0.02 (0.9614222)          ⇒  Req,S = 0.019228 Ω, 

and  Xeq,S = Xeq,pu  (Zbase) = 0.04 (0.9614222)                  ⇒  Xeq,S,pu = 0.038457 Ω. 

Secondary Equivalent Circuit 
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a)  Given Sa = 40 kVA and PFa = 0.9 leading.  Let rms208 0  (V )SV = ∠ ° . 

Then, IS = IL = SL / VS = 40,000 / 208 = 192.3077 Arms. 

Using the power factor, θa = θV - θI = cos-1(0.9) = -25.842°  ⇒  θI = 25.842°.   

This yields rms192.3077 25.842  (A )SI = ∠ ° . 

By KVL, 
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Per (3-68), the voltage regulation is  
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The output power is ( )out, PF 40,000(0.9)a a aP S= =      ⇒  Pout,a = 36,000 W. 

The core losses are 
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 = =          ⇒  Pcore,a = 501.29 W. 

The wire/copper losses are 2 2
Cu , 192.31 (0.01923)S eq SP I R= =   

⇒ PCu,a = 711.1 W. 

Per (3-72), the efficiency is  
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      ⇒  ηa = 96.74%. 



EE 330 Energy Systems, transformer_VR_efficiency_sec_circuit.docx         3 / 4 

b)  Given Sb = 45 kVA and PFb = 1.  Let rms208 0  (V )SV = ∠ ° . 

Then, IS = IL = SL / VS = 45,000 / 208 = 216.346 Arms.  

Using the power factor, θb = θV - θI = cos-1(1) = 0°  ⇒   θI = 0°.   

So, rms216.346 0  (A )SI = ∠ ° . 

By KVL, 
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Per (3-68), the voltage regulation is  
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The output power is ( )out, PF 45,000(1)b b bP S= =          ⇒  Pout,b = 45,000 W. 

The core losses are 
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 
 
 = =             ⇒  Pcore,b = 521 W. 

The wire/copper losses are 2 2
Cu , 216.35 (0.01923)S eq SP I R= =   

⇒ PCu,b = 900 W. 

Per (3-72), the efficiency is  
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      ⇒  ηb = 96.94%. 
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c)  Given Sc = 38 kVA and PFc = 0.65 lagging.  Let rms208 0  (V )SV = ∠ ° . 

Then, IS = IL = SL / VS = 38,000 / 208 = 182.6923 Arms.  

Using power factor, θc = θV - θI = cos-1(0.9) = 49.4584° ⇒  θI = -45.4584°.   

So, rms182.6923 49.4584  (A )SI = ∠ − ° . 

By KVL, 
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Per (3-68), the voltage regulation is  
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The output power is ( )out, PF 38,000(0.65)c c cP S= =     ⇒  Pout,c = 24,700 W. 

The core losses are 
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 
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 = =              ⇒  Pcore,c = 537.36 W. 

The copper losses are 2 2
Cu , 182.6923 (0.01923)S eq SP I R= =   

⇒ PCu,c = 641.78 W. 

Per (3-72), the efficiency is  
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      ⇒  ηc = 95.4%. 

 


