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 For part d), also find the copper and core losses. 

a)  The turns ratio is (3-5) a = VP / VS = 8000 / 277 = 28.880866.  

Use (3-17) ZL’ = a2 ZL to refer RS and XS to the high voltage side- 

RS’ = 28.882 (0.05) = 41.7052 Ω  and XS’ = 28.882 (0.06) = 50.0463 Ω 

Per Figure 3-17a, the primary-side phasor equivalent circuit is 

 

b)  Per (3-63), the base impedance is  Zbase = (Vbase)2
 / Sbase .  On the primary side- 

Zbase,P = 80002
 / 20,000 = 3200 Ω.   

The primary per-unit impedances are then- 

RC,pu = 250 / 3.2 = 78.125,    XM,pu = 30 / 3.2 = 9.375,  

RP,pu = 32 / 3200 = 0.01,    XP,pu = 45 / 3200 = 0.01406,  

a2RS,pu = 41.7052 / 3200 = 0.01303, and a2XS,pu = 50.0463 / 3200 = 0.01564. 

 
+

-

a R2 S =41.7ΩRP =32Ω ja2X jS = 50.05ΩjX jP = 45Ω
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+
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Per Figure 3-17a & Figure 3-25, the primary-side per-unit phasor equivalent circuit is 

 

c)  Assuming a phase angle of 0, rms277 0 (V )L SV V    .  Per the circuit in part a), the 
referred secondary voltage is rms28.88 28.88(277 0 ) 8000 0 (V )SV       . 

For a rated load, IL = Srated /VL = 20,000 /277 = 72.2022 (Arms) with a phase angle found 
using θVL - θIL = cos-1(PF) ⇒ - θIL = -cos-1(0.8) = -36.87°.   

So, rms72.2 36.87 (A )L SI I    .  Per the circuit in part a), the referred secondary 
current is rms/ 28.88 (72.2 36.87 ) / 28.88 2.5 36.87 (A )SI       .  This gives 

 

Using KVL on RHS of the circuit, 

ex rms(41.7 50.05)(2.5 36.87 ) (8000 0 ) 8158.56626 0.2636  (V )V j          . 

Using KCL on top middle node of the circuit, 

ex ex ex

rms

(2.5 36.87 ) (2.5 36.87 )

1 1(8158.56626 0.2636 ) (2.5 36.87 )
250,000 30,000

2.6974 41.06  (A )

PI I V Y

j

       

          

  

. 

 

+

-

a R2
S,pu =0.013 RP,pu = 0.01 ja2X jS,pu = 0.0156 jX jP,pu = 0.0141

VP,pu

+

-

VS,pu

IS,pu

RC,pu =
78.125 

jXM,pu =
 j9.375

IP,pu

Iex

 
+

-

41.7 Ω32 Ω j  50.05Ωj  45Ω

VP

+

-

8000 V∠0° rms250kΩ j 30kΩ
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Iex
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+
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2.5 A∠−36.87° rms
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Use KVL on LHS of the circuit to get the phasor input voltage, 

ex

rms

(32 45) (2.6974 41.06 )(32 45) (8158.56626 0.2636 )
8303.61 0.4993  (V )

P PV I j V j         

  
. 

     ⇒ rms8303.61 0.4993  (V )PV     

Per (3-68), the voltage regulation is 

,fl ,fl

,fl ,fl

/ 8303.61 8000VR 100% 100% 100%
8000

P S P S

S S

V a V V aV
V aV
  

       

⇒ VR = 3.8%. 

d) To get the efficiency, find the ouput, copper, & core powers- 

Pout = Srated cos(θ) = Srated PF = 20,000 (0.8) = 16,000 W 

PCu = IP
2
 (32) + 2.52 (41.7) = 2.69742

 (32) + 2.52 (41.7)               ⇒ PCu = 493.488 W. 

Pcore = Vex
2
 / Rcore = 8158.566262 / 250,000                                ⇒ Pcore = 266.2488 W. 

Per (3-72), the efficiency is   

out

out losses

16,000100% 100%
16,000 493.488 266.2488

P
P P

   
  

     ⇒  η = 95.47%. 


