
EE 455 Quiz 3, Spring 2005, Dr. McCalley 
Due: Monday March 28, Turn in During Class. 

 
1. (30 pts) A single-phase transformer is rated 100 kVA, 2400-240 volt. The impedances and admittance of 

the transformers are: 
Z1=0.65+j0.95 ohms (HV winding impedance referred to HV side) 
Z2=0.0052+j0.0078 ohms (LV winding impedance referred to LV side) 
Ym=2.56E-4 – j11.37E-4 mhos (shunt admittance referred to the HV side) 
 

(a) Determine the a, b, c, and d constants and the A and B constants. (10 pts) 
 

nt =
Vrated !2

Vrated !1
=
240

2400
nt = 0.10

Zt = Z2 + nt
2
! Z

1
zt = 0.0117 + j0.0173

a =
1

nt
a =10.0

b =
Zt

nt
b = 0.1170 + j0.1730

c =
Ym

nt
c = 0.0026 " j0.0114

d =
Ym ! Zt

nt
+ nt d = 0.1002 " j8.8741 !10

"5

A = nt A = 0.10

B = Zt B = 0.0117 + j0.0173

 

 
(b) The transformer is serving an 80-kW, 0.85 pf lagging load at 230 volts. Determine the primary 

voltage, current, and complex power. (10 pts) 
 

kWload = 80 pf = 0.85 VL = 230

I
2
=

kWload

pf
!1000

VL
"# cos

#1
pf I

2
= 409.2072"# 31.7883° A

VS = a !VL + b ! I2 VS = 2378.2450"0.8421° V

IS = c !VL + d ! I2 IS = 42.9358"# 34.3900° A

SS =VS ! IS
*

SS = 83.4057 kW+ j58.9062!!kVAR
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(c) Determine the per-unit transformer impedance and shunt admittance based upon the transformer 
ratings. (10 pts) 

 

Zbase2 =
Vrated 2
2

kVA !1000
Zbase2 = 0.5760

Zpu =
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Zbase2
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#
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Ybase = 0.0174

Ypu =
Ym

Ybase
Ypu = 0.01474 ( j0.06546

 

 
 
2. (40 pts) The single-phase transformer of problem 1 is to be connected as a step-down autotransformer to 

transform the voltage from 2400 volts to 2160 volts. 
 
 

(a) Draw the connection diagram, including the series impedance and shunt admittance. (5 pts) 

 

 

 

(b) Determine the autotransformer kVA rating. (5 pts) 

E
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(c) Determine the a, b, c, and d constants and the A and B constants. (10 pts) 

Z
1
= 0.65 + j0.95 Z

2
= 0.0052 + j0.0078

Ym = 2.56 !10
"4
" j11.37 !10

"4

Zt = Z2 + nt
2
! Z

1
Zt = 0.0117 + j0.0173

a =
1

1" nt
a =1.1111

b =
Zt

1" nt
b = 0.0130 + j0.0192

c =
Ym

1" nt
c = 0.0003" j0.0013

d =
Ym ! Zt

1" nt
+1" nt d = 0.9000 " j9.8601 !10

"6

A =1" nt A = 0.9000

B = Zt B = 0.0117 + j0.0173

 

 
(d) The autotransformer is serving a load of 800 kVA, 0.95 lagging power factor at a voltage of 2000 

volts. Including the impedance and shunt admittance, determine the input voltage, current, and 
complex power. (10 pts) 

kVAL = 800 pf = 0.95 VL = 2000

I
2
=
kVAL !1000

Vauto L
"# cos

#1
pf I

2
= 400"#18.20° A

VS = a !VL + b ! I2 VS = 2229.57"0.15° V

IS = c !VL + d ! I2 IS = 361.35"#18.55° A

SS =VS ! IS
*

SS = 763.145 kW+ j258.220!!kVAR

 

 
 To check if the currents are correct, from the diagram the following currents should be equal. 

I
1
+ I

S
= I

2
+ I

ex

I
1
+ I

S
= 401.346!"18.51°!A

I
2
+ I

ex
= 401.346!"18.51°!A

 

  
 And they are. 



(e) Determine the per-unit impedance and shunt admittance based upon the autotransformer rating. How 
do these values compare to the per-unit values of problem 1? (10 pts) 

V
nominal

= 2400

Zbase auto =
V
nominal

2

kVAauto !1000

Zauto pu =
Zt

Zbase auto
Zauto pu = 0.0018 + j0.0027

Ybase auto =
kVAauto !1000

V
nominal

2

Yauto pu =
Ym

Ybase auto
Yauto pu = 0.00165 " j0.0073

 

 
 The value for Zauto is smaller by a factor of… 

n
t
! (1" n

t
) = 0.0900  

 The value of Yauto is small by a factor of… 

n
t

1! n
t

= 0.1111  

 
 

 
3. (30 pts) A type B step-voltage regulator is installed to regulate the voltage on a 7200 volt single-phase 

lateral. The potential transformer and current transformer ratios connected to the compensator circuit are: 
 
 

PT ratio: 7200:120 volt 
CT ratio: 500:5 amperes 
 

The R and X settings in the compensator circuit are R=5 volts and X=10 volts. The regulator taps are set 
on the +10 position when the voltage and current on the source side of the regulator are: 
 

  Vsource=7200 volts; Isource=375 amperes at pf 0.866 lagging. 
 

NPT =
7200

120
CTp = 500 CTS = 5 CT =

CTp

CTS
CT =100

R ' = 5 X ' =10

 

 



(a) Determine the voltage at the load center. (16 pts) 

Calculations referred to LV side of PT 

a =1! 0.00625 "Tap a = 0.9375

Zcomp# =
R '+ jX '

CTS
Zcomp# =1.00 + j2.00

IS = 375$! cos
!1

0.85 IS = 375$! 30.0°

IL = a " IS IL = 351.5625$! 30.0°

VL =
Vsource

a
VL = 7680

Icomp =
IL

CT
Icomp = 3.5156$! 30.0°

Vdrop = Zcomp# " Icomp Vdrop = 7.8612$33.4349°

Vreg =
VL

NPT

Vreg =128.00

VR =Vreg !Vdrop VR =121.3779$! 2.0427° (Referred to LV side of PT)

VR = 7291.0185$! 2.0427° (Referred to HV side of PT)

 

 
OR 

 
Calculations referred to HV side of PT 
a = aR =1! 0.00625 "Tap a = 0.9375

ZLine# =
R '+ jX '" NPT

CTP
ZLine# = 0.6 + j1.2

IS = 375$! cos
!1

0.85 IS = 375$! 30.0°

IL = a " IS IL = 351.5625$! 30.0°

VL =
Vsource

a
VL = 7680

Vdrop = ZLine# " IL Vdrop = 471.6706$33.4349°

Vreg =VL Vreg = 7680

VR =Vreg !Vdrop VR = 7291.0185$! 2.0427° (Referred to HV side of PT)

VR =121.3779$! 2.0427° (Referred to LV side of PT)

 

 
(b) Determine the equivalent line impedance between the regulator and the load center. (7 pts) 

Zline = Zcomp !! "
NPT

CT

#

$
%

&

'
( Zline = 0.6000 + j1.2000  

(c) Assuming that the voltage level on the regulator has been set at 1l20 volts with a bandwidth of 2 
volts, what tap will the regulator move to? (7 pts) 

Step =
121! VR

0.75
Step = !0.5038 The tap will lower by 1 step  




