EEE 3352 - Transformers

Sample solutions to examples:

Example 1:

From the emf equation of a transformer, the number of turns that the primary
winding must have is

— Vl
' 444tq,
R 240V
~ 4.44(60Hz)(5X10°Wh)

=180turns

and the number of turns that the secondary winding must have is

= V2
2 444t g,
| 120V
~ 4.44(60Hz)(5X107°Wh)

=90turns
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Example 2A:

I, 0180 j0.24 Q)
W\l VYV
I ; Il load
G Z line +
7o O z load
V =480,£0°V \.
4+j30

Load current = line current

Vv
line — IIoad D——
ZIine E ZIoad
~ 480.£0°
0.18+ j0.24+4+ j3
480£0°
5.29./37.8°

I, =1

=90.8£-37.8° A

Load Voltage:

V

load

load

Power losses:

_ |2
— Mline' Mine

P =90.8%-0.18=1484 W

loss

Z s =(90.8/-37.8°) (4 + j3) =(90.8/—37.8°)(5./36.9°) = 454 / —0.9°V
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Example 2B:

LETEES ST 0.18 02 j0.24.0 T3 T aa

I T . N Z a0
G Z jine 44730

RN o (

V =480-,0°V

Eliminating transformer T2 by referring the load over fo the transmission line's

voltage level

The load impedance when referred to the fransmission line (while the transformer
T, is eliminated) is:

10\
=a’Z, . :(TJ (4+ j3) =400+ j300

Z

load

|
V =480,0°V | 0.18 O j0.24 Q |
| —— ~ e
: ] 1:10 MW
G

- L]

+ Z line )
L=
- 400 + j300 0

|
|
|
|
O
O
|
|
|

—_—

Equivalent circuit

The total impedance on the transmission line level is

+Z.

load

Zeq = ZIine
=400.18+ j300.24
=500.3236.88° Q2

Eliminating transformer Ti by referring the transmission line's elements and the
equivalent load at the transmission line's voltage over to the source side

The fotal impedance is now referred across T; to the source's voltage level:

' 1 ’ o o
Z,= afZeq :(Ej (500.3436.88 ):5.003436.88 Q
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0.0018 Q) 70.0024 ()

V=48020°V Z'\a=4+j30

T Q

Equivalent circuit

The generator's current is

| V. 480/0°
¢ 7  5003,36.88°

€q

=95.94/-36.88° A

Knowing transformers' turn ratios, we can determine line and load currents:
.. =al; =0.1- (95.944—36.88°) =9.594,-36.88° A

| al

load — “21line

=10-(9.594/-36.88°) =95.94/-36.88° A

Therefore, the load voltage is:

V,

ot = VoaaZions = (95.942 —36.88°)(5.£ —36.87°) = 479.7/-0.01° V

load “"load ~—

Power losses:

P.=12R

loss line" Mine

=0.594%.0.18=16.7 W

Note: transmission line losses are reduced by a factor nearly 90, the load voltage
is much closer to the generator’s voltage - effects of increasing the line's voltage.
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Example 3:

(a) The following circuit shows the equivalent circuit of the transformer, with the
excitation admittance referred to the primary side. Therefore,

Y., _ 0.0191-j0.0852S

Y, = =1.91X10™* - j8.52X10™* S

a’ 10°
0.612+;1.20 I IJ,: 0.0061 +0.0115 Q) I
o AT - - ANA— I ———+—o
+ v L ] Ie‘ vt + +
- [
= =
s X X
"1 ; o ‘El ‘EZ ‘2
A o0
I i
CN o
o 0

(b) Here, since the transformer delivers a rated load current (0.9 lagging pf) at
rated V2 voltage;

We usually find rated values of a transformer from the kVA rating. Therefore,

S =1,

ziz 75,OOOVA=3125 A

|, =1
R VT ¥

P

@0.9 pf = 1,islagging the voltage by cos™ 0.9 = —25.84°
-1, =312.5/-25.84° =312.5(0.9 - j0.4359) = 281.25 - j136.2156 A

Hence;

E,=V, +1_ (R, +jX,)=240.£0°+(281.25 - jI36.2156)(0.0061+ j0.0115)
= 243.294/0.57°V

E, =aE, 210(243.29440.57°)V =2432.94,0.57°V
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Therefore, the load current referred to the primary side is

I _ 281.25- J136.2156 A —28.125— {13.62156 A

2
a 10

Notice that
L=1"+1,

I, = EY, =(2432.94/0.57°V)1.91X10™* - j8.52X10™* S
=0.4851— j2.0682 A

So that;

L=1"+1,
=28.125- j13.62156+ 0.4851— j2.0682 A
=32.6299/ -28.74° A

Therefore;

V,=E +1, (R + jX,)
=2432.94,0.57° + (32.62994 -28.74° )(0.612+ jl.2)
= 2469.6396./1.13° V
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Tutorial Solutions

Q1:

The equivalent circuit of this fransformer is shown below. (Since no particular
equivalent circuit was specified, we are using the approximate equivalent circuit
referred to the primary side.)

I Is
-—P-- ReqP J';Xeqp i--

Following the steps outlined in the
phasor diagram;
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Step 1: The secondary voltage

V. = 2828400 200.,0°V

Co2
The secondary voltage referred to the primary side is
V', =aV, =0.25(200£0°) =50£0° V

Step 2: The secondary current

I 7074 36.87° =5/-36.87° A

S \/E
The secondary current referred to the primary side is

_ 0
I :I—S:wz 20/ -36.87° A
a 0.25

Step 3: The primary circuit voltage is given by

V=V +1", ( p leqp)
= 50.0° +(204—36.87°)(o.05+ j0.225)=53.63.2°V

Step 4: The excitation current is given by

Vv, _536432° 536432°

Il =1_+1_ . :
C X, 75 j20
=0.7145.,3.2° + 2.679./ -86.8°
=277/-71.9° A

Step 5: Therefore, the total primary current of this transformer is

|, =1, +1",=2.77/-71.9°+20/~36.87° = 22.3/ - 41.0° A
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Note: The primary current is lagging the applied primary voltage by
3.29-(- 41.09)=44.2°

Therefore, input power factor, pf = cos44.2°

P,=V,l,cos6, = (53.6)(22.3)00844.20 =857W

And

P

out

=V, 1, cos g, =(200)(5)cos36.87° =800W
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Q2.

Open-Circuit Test ~ Short-Circuit Test

(on Primary) (on Primary)
Voltmeter V. _=7500V V. =366V
Ammeter 1,.,=0.2006 A [.=2A
Wattmeter P, =180W P _=300W

The power factor during the open-circuit test is

PF =cos0 = Foe _ 180V =0.1196 lagging
Voeloe  (7500V)(0.2006A)

The excitation admittance is

Y, = loc ) cosipr = 9299 ) 0s10.1196 = 0.0000032 — j0.0000265 = Lot
V. 7500 R. X,
R 2 L3NG x —_ ot BBNT 0
Therefore: Mc = 00000032~ = -~ "™ T 0.0000265

The power factor during the short-circuit test is

P 300W .
PF =cos@ =—C—= =0.41 lagging
Vol (366V )(ZA)

The series (i.e. equivalent) impedance is given by

Zse _Yse /o5 PF = %6465.810

SC

=75+ j166.93 Q2
Therefore: R, =75 X, =166.93Q
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. IZ
1, R"‘fl + ;}Leq i
o> AAA—TO0 o
+ Ie 75+ 71669251 () +
Syr 1y =
LAy [ T [H:
A X
V N e aV
1 - 'IT 2
Il B
= <

The approximate equivalent circuit

Q3.

1,2, C08(4—0)

2( full load)

%Voltage Regulation = -100%

The full-load current on the secondary side of the transformer is

R
2,rated —
V2, rated

rated

_ 75000VA
240V

I =3125A

Z oy =R’z + X2, =+/0.009318” +0.058462” = 0.05919502
0.058462j 80,97

¢= tan‘l(
0.009318

Therefore;

(a) At 0.85 lagging power factor,

@ =cos™ pf =cos™(0.85)=31.79°
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1,2, c08(¢p—0)

%\Voltage Regulation = -100%
2( full load)
(312.5 A)(0.059195 Q2)cos(80.9° —31.79°)
= -100%
240V

~ 5%

Since also,

vV V
%\Voltage Regulation,VR = 21220 2(uled) 44504 — 504 = 0.05

2( full load)

Then
V2(no load ) = (VR) (VZ( full load) ) +V2( full load ) X (005)(240\/ ) +240V =252V

The meaning of 5% voltage regulation is that if the load is thrown off, the load
terminal voltage will rise from 240 to 252 volts. In other words, when a full load at
0.85 lagging power factor is connected to the load terminals of the transformer,

the voltage drops from 252 to 240 volts.

(b) At unity power factor,

pf =1, thus, 8 =0°

1,2, C08(¢—0)

%Voltage Regulation = -100%
2( full load)
(3125 A)(0.059195 ©2)cos(80.9°)
= -100%
240V
~1.2%
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(c) At 0.85 leading power factor,

@ =cos™ pf =cos™(0.85)=31.79°

1,2, cos(¢—0)

%\Voltage Regulation = -100%
2( full load)
(3125 A)(0.059195 ©2)cos(80.9° +31.79°)
— -100%
240V
~-2.97%

Since also,

V2(no load ) _Vz( full load

%Voltage Regulation,VR = ).100% = 5% = —0.0297

2( full load )

Then
VZ(no load) — (VR)(Vz( full load ) ) +Vz( full load) — (_0'0297) (240V ) +240V = 232.86V

Note that the voltage regulation for this leading power factor load is negative.

The meaning of -2.977% voltage regulation is that if the load is thrown off, the load
terminal voltage will decrease from 240 to 232.86 volts. Put differently, if a
leading power factor load (0.85 pf) is connected to the load terminals of the
transformer, the voltage increases from 232.86 to 240 volts.
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