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Week 5: Assignment

1) Three single phase two winding transformers are connected as shown in 10 points
figure to form a three phase transformer bank. The High voltage(HV) windings are
denoted by “ABC” and low voltage(LV) windings are denoted by “abc”. If a thee phase
line-to-line voltage of 220V is applied across the high voltage terminal, what is the LV side
terminal voltage and its phase with respect to the corresponding HV - side terminal
voltage? The turns ratio is 6 : 1.

N n
') o

A1.WA2 012,000—0-0\._81
B1/| . B2 b2 . | b1
SR o— U0
Cllegmmr2o o2

21.16 L 0°V
21.16 £ 30°V
36.65 £ 0°V
36.65 £ 30°V

c1

Accepted Answers:
36.65 L 0°V

2) Three single phase two winding transformers are connected as shown in 10 points
figure to form a three phase transformer bank. The High voltage(HV) windings are
denoted by “ABC” and low voltage(LV) windings are denoted by “abc”. If a thee phase
line-to-line voltage of 220V is applied across the high voltage terminal, what is the LV side
terminal voltage and its phase with respect to the corresponding HV - side terminal
voltage? The turns ratio is 6 : 1.
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36.65 Z 0°V

21.16 Z 30°V
36.65 Z 30°V
21.16 £ 0°V

Accepted Answers:
36.65 L 0°V

3) Three single phase transformers are connected as shown in figure to form a 10 points
three phase transformer bank. The High voltage(HV) windings are denoted by “ABC” and
low voltage(LV) windings are denoted by “abc”. If a thee phase line-to-line voltage of 220V
is applied across the high voltage terminal, what is the LV side terminal voltage and its
phase with respect to the corresponding HV - side terminal voltage? The turns ratio is 6 :
1. The low-voltage side winding is split into two parts of equal number of turns to form zig-
zag connection.

Ate 6N a5

32.61 £ -30°V
32.61 L 0°V
56.48 £ 0°V
56.48 £ -30°V

Accepted Answers:
56.48 L 0°V

4) Three single phase two winding transformers are connected as shown in 10 points
figure to form a three phase transformer bank. The High voltage(HV) windings are
denoted by “ABC” and low voltage(LV) windings are denoted by “abc”. If a thee phase
line-to-line voltage of 220V is applied across the high voltage terminal, what is the LV side
terminal voltage and its phase with respect to the corresponding HV - side terminal
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voltage? The turns ratio is 6 : 1.

N n
O O—
A2 fGO’GUU’. A1 ale ma2
B2 | 5000210 e 2%
2o e o
36.65 L 0°V
36.65 £ 180°V
36.65 £ -30°V
21164 Q°
Accepted Answers:
36.65 £ 180° v
5) Three single phase two winding transformers are connected as shown in 10 points

figure to form a three phase transformer bank. The High voltage(HV) windings are
denoted by “ABC” and low voltage(LV) windings are denoted by “abc”. If a thee phase
line-to-line voltage 220V is applied across the high voltage terminal, what is the LV side
terminal voltage and its phase with respect to the corresponding HV - side terminal
voltage? The turns ratio is 6 : 1.

. 2
: A1 A2 al a

b1 e b2
cl- c2
36.65 Z -30°V
36.65 /. 180°V
36.65 Z 30°V
36.65 Z 0°V

Accepted Answers:
36.65 £ 180° v

6) A 50 kVA 13,800/208 V A/Y distribution transformer has a resistance of 0.02 per unit
and a reactance of 0.08 per unit. Calculate the transformer’s % voltage regulation at full
load and 0.8 PF lagging. Assume that,the transformer secondary is operating at the rated
voltage. (Take into account the angle delta between the induced voltage and terminal
voltage.)

Note-Please enter only the numeric value while entering your answer. For example if the answer is
'25.25%', please enter only the numeric value i.e. 25.25. Please do not enter the '%' or any units.
Approximation can be done on your answer. For example if your answer is 0.5356, then 0.53, 0.536,
0.5356 or 0.5 are all acceptable answers.
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Accepted Answers:
(Type: Range) 5.5,7.5

10 points

7) A 150-kVA 11000/480-V A/Y distribution transformer has the following OC and SC test 10 points
parameters. The open-circuit test was performed on the low-voltage side of this transformer bank, and
the following data were recorded:

Vline,OC = 480V llineOC = 10A P3¢,0C = 1500W

The short-circuit test was performed on the high-voltage side of this transformer bank, and the following
data were recorded:

Vline,SC =550V, lline,SC = 8A P3¢,SC = 3000W

Find the per-phase equivalent circuit of the transformer referred to LV side.

Req Xeq
RC § LM

Rc=153o0hm,Xm=28ohm,Req=0.0290hm,Xeq=0.068o0hm
Rc=28ohm,Xm=1530hm,Req=0.0680hm,Xeq=0.0290hm
Rc=1200hm,Xm=190hm,Req=0.0150hm,Xeq=0.0330hm
Rc=190hm,Xm=1200hm,Req=0.0330hm,Xeq=0.0150hm

Accepted Answers:
Rc=1530hm,Xm=28ohm,Req=0.0290hm,Xeq=0.068ohm

8) Find the voltage regulation of the transformer given in Problem. 8, at the rated load and 0.9 pf
lagging.

Note-Please enter only the numeric value while entering your answer. For example if the answer is
'25.25%', please enter only the numeric value i.e. 25.25. Please do not enter the '%' or any units.
Approximation can be done on your answer. For example if your answer is 0.5356, then 0.53, 0.536,
0.5356 or 0.5 are all acceptable answers.

Accepted Answers:
(Type: Range) 3,4

10 points
9) Find the efficiency of the transformer given in Problem 8 at rated load and 0.9 pf lagging.
Note-Please enter only the numeric value while entering your answer. For example if the answer
is '25.25%', please enter only the numeric value i.e. 25.25. Please do not enter the '%' or any

units. Approximation can be done on your answer. For example if your answer is 0.5356, then
0.53, 0.536, 0.5356 or 0.5 are all acceptable answers.
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Accepted Answers:
(Type: Range) 96.4-97.2

10 points
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ASSIGNMENT - 5 : SOLUTION

Q1.Solution
N n
O O
A1 'WAZ aZ,O-OUW. al
B1| . B2 b2 . | b1
S0 o—THTU0
C1 OO C2 CZW. c1
A2
a2
A1
B1
C2/ CZA/)1
B2 b2
Figure 1:
V142 220
s = - —21.1
Vata2 V3 x6 \/3 X 6 oV

Hence, LV side terminal voltage, V}, = V3 x 21.16 = 36.65V

Phase with respect to corresponding HV side voltage, = 0°.
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Q2.Solution

C1

B1 b1
al
A1 b2

B2

Figure 2:
V. 220
Vala? = AéA2 = ? = 36.67V

Hence, LV side terminal voltage, Vj, = 36.65V

Phase with respect to corresponding HV side voltage, = 0°.
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Q3.Solution

Voice4 —60° 2204 — 60°

Vigel = = = T — 18834 - 607V
Vioar Z0° 2200
Vigad = AQ;‘; = S = 188340V

Va2aa = 18.834 — 60° + 18.83£0° = 32.614 — 30°V
The line voltage would be leading this voltage by 30 degrees
Hence, LV side terminal voltage, Vj, = V3 x 32.61 = 56.48.20°V

A1 50 ap
B1_6n B2
6
——— ), N5
C1 AD
»
C/
B1
A1
B2

> »

Figure 3:
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Q4.Solution

N n
O Oo—
A2 ,0_00_])_0.' A1 {:11.,0.0.00.(782
B2 m’ B1 b1-mb2
clgmmille Ll
A1
b2 c2
C/
C2 A2 b1 a1l
A/B2
C1 a2
B1
Figure 4:

Vaoar  220£180°
V3 %6 V3 x6

Hence, LV side terminal voltage, Vj, = V3 x 21.16 = 36.65V

Va1a2 =

= 21.16£180°V

Phase with respect to corresponding HV side line voltage, = 180°.
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Q5.Solution

C2A A

c2 a1
C C1/
b2

B2

A2 Y a2
B1

Figure 5:
V 220
Vitar = —242 _ 220 _ 36,67V
6 6
LV side terminal voltage, Vi, = —V,142 = Vaoa1

Va2a1 = 36.652180°V

Phase with respect to corresponding HV side voltage, = 180°.
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Q6.Solution

Vpap1£60° 2204607

Vior1 = D =1 = 18.83260°V
Vioar Z0°  220/0°
Vigad = AQ;‘; = S = 188340V

Vioas = 18.83260° + 18.8320° = 32.61/30°V
Hence, LV side terminal voltage, Vj, = V3 x 32.61 = 56.48260°V

The line voltage at the HV side is leading corresponding phase voltage by 30 degrees

Hence, phase with respect to corresponding HV side line voltage, = 30°.
N
————0
al..0.9n . 0.5n
. A1 |
A2| " oo a2 a3 a4
82| - B1 b1..0.9n « 0.5n
—U0I——o
b2 b3 b4
C2 ro-o-o-o-(P o ) C1 . n n
c2 c3 c4

A1

Figure 6:
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Q7.Solution

The rating of the transformer bank:  50kV A 13,800/208V
Base line voltage at high-voltage side, : 13,800V
Base apparent power of the transformer, : 50kV A

Since, primary side is A connected, its phase voltage is equal to its line voltage.

V2. 3 x 13,800
Shase 50,000

The per-unit impedance of the transformer is, Z.q 5, = 0.02 + j0.08pu

Primary side base impedance, Zpqse = =11, 42612

Hence, the equivalent leakage impedance referred to high-voltage side,

Zeq vy = (0.02 4 70.08) x 11,426 = 228.52 + 914.08;

The voltage regulation of a three-phase transformer bank can be determined by finding the voltage regu-

lation of any single phase transformer in the bank.

The rated transformer phase voltage on primary is 13,800V.

50,000

————— =1.2084
3 x 13,800

Hence, the rated phase current on the primary, Iqeq gv =

208
The rated phase voltage on the secondary of the trasnformer is — = 120.08V

V3

120.08V in the secondary side, when referred to the primary side is equal to 13,800V

The primary side phase voltage, corresponding to rated voltage at the secondary,

!

Voh_irv = Vo v + Tratea_irv £ — 36.86° X Zeg_prv(228.52 + 914.085)

= 13,800 4 1.2084 — 36.86 x (228.52 + 914.08;5) = 14,700.78£2.7°
14700 — 13, 800

H It lation, VR = 100 = 6.52
ence, voltage regulation, 13,800 X %
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Q8.Solution

For the per phase equivalent circuit , per phase quantities have to be considered
Open circuit test
Viohase.oc = Viine.oe/ V3 = 480/V/3 = 277V
Iphase,oc = Liine,oc = 104

Pper,phase = P3phase/3 = 1500/3 = 500W
V;?hase,oc 277

7 = ——"—=—=27.Toh
noload Iphase7oc 10 onm
No load power factor (cos¢) = _500 0.1804
P ToTx 10

— ¢ = cos +(0.1804) = 79.61
" Tnoload = 27.7279.61
2 Yooioad = 1/ Znotoad = 6.516 x 1072 — j0.0355
R, =1/6.516 x 107 = 153.45 ohm, and
X,, = 1/0.0355 = 28.16 ohm
Short circuit test
Vphase,se = Viine,sc = 550V
Iphase.se = Tiine.se/V3 = 8/V3 = 4.624
Pper phase = Paphase/3 = 3000/3 = 10001

v Zog = 550/4.62 = 119.10hm

1
Power factor (cos¢) = % = 0.3936

— ¢ = cos 1(0.3936) = 66.8
o Zeg = 119.1/66.8 = 46.9 + j109.47

Z,
This impedance referred to LV side = N—eg, N being the turn raio

11000
= ——=39.71
277

<. Rey = 46.9/39.71% = 0.029 ohm, and X, = 109.47/39.71> = 0.069 ohm
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Q9.Solution

Vi —V,
Regulation = Sl 100
fl
Vi =V — 151(Zeg)
150000
It(ontheLV side) = ————— = 180.42
V3 x 480

¢ = cos 1(0.9) = 25.84
= 277 — (180.42/25.84)(0.029 + 0.069;) = 267.014/ — 1.91

277 — 267
.. Regulation o7~ ©
Q10.Solution
L. Pout Pout
E = 100 =
fficiency P, X Pyt + IronLosses + Copper Losses

Iron loss and full load copper loss are the values obtained from the OC and SC test respectively
150000 x 0.9

= = 96.77%
15000 x 0.9 + 1500 + 3000
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