2-1.

EE341 Homework #3 Solutions

The secondary winding of a transformer has a terminal voltage of v, (t) =282.8 sin 377t V. The turns
ratio of the transformer is 50:200 (@ = 0.25). If the secondary current of the transformer is
i,(£)=707 sin (377t -3687°) A, what is the primary current of this transformer? What are its
voltage regulation and efficiency? The impedances of this transformer referred to the primary side are

R,=005Q R.=75Q
X, =02250Q X, =200

SoLutioN The equivalent circuit of this transformer is shown below. (Since no particular equivalen
circuit was specified, we are using the approximate equivalent circuit referred to the primary side.)
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The secondary voltage and current are

282.8
V, ==———4£0°V=200£0°V
ST
Iy = Zﬂzé -36.87°A=52-36.87° A

V2
The secondary voltage referred to the primary side is
V, =aV; =50£0°V

The secondary current referred to the primary side is

1, =1 _20,.3687°A
a

The primary circuit voltage is given by

V, =V, +I (R, +jX.,)
V, =50£0°V +(20£ -36.87° AX0.05Q + j0.225Q)=53.6£3.2°V
The excitation current of this transformer is

53.6£3.2°V  53.6£3.2°V
T =let by == —* 00
j

=0.7145£3.2°+2.679£-86.8°

I, =2.77/-71.9°

Therefore, the total primary current of this transformer is



I, =T +1p =20£-36.87°+2.77£~71.9° =223/ —41.0° A
The voltage regulation of the transformer at this load is

vR=Vr=Vs
V.

S %100% = >3:0—50
avg 50

x100% = 7.2%

The input power to this transformer is
By =Vp1, cos @ =(53.6 VY22.3 A)cos (3.2°- (- 41.0°))
Py =(53.6 V)22.3A)cos 44.2°=857W
The output power from this transformer is
Four =Vl cos = (200 V(5 A)cos (36.87°) = 800 W
Therefore, the transformer’s efficiency is

_ Four o — 300 W
n P x100% = 857 W x100% =93.4%

IN

A 2000-VA 230/115-V transformer has been tested to determine its equivalent circuit. The results of the
tests are shown below.

Open-circuit test ~ Short-circuit test
Voc=230V Vsc=132V
Ioc=045A Isc=6.0A
Poc=30W Psc=20.1W

All data given were taken from the primary side of the transformer.
(a) Find the equivalent circuit of this transformer referred to the low-voltage side of the transformer.

(b) Find the transformer’s voltage regulation at rated conditions and (1) 0.8 PF lagging, (2) 1.0 PF, 3)
0.8 PF leading.

(c) Determine the transformer’s efficiency at rated conditions and 0.8 PF lagging.

SOLUTION
(@ OPEN CIRCUIT TEST:
, 045A
Vol =[G = Bl =50 = 0:001957
0= cos™ POC = COS_I ___32&4 =73.15°
ocloc (230v)0.45A)

Y, =G, — jB,, =0.001957.£ ~73.15° mho = 0.000567 - j0.001873 mho
R, =4 =1763Q
G

c

1
X, =—=534Q
M B

M



SHORT CIRCUIT TEST:

. 13.
|Z,;Q|=|REQ + X | = ;g;’

Be _cost 201V 7530
Vel (132V)6A)
Zgq = Req + JXgq =220£75.3°Q = 0558 + j2.128Q
Rgo =0.558Q
Xgo = J2.128Q

=2.20Q

6 =cos™

To convert the equivalent circuit to the secondary side, divide each impedance by the square of the turns
ratio (@ = 230/115 = 2). The resulting equivalent circuit is shown below:

al I
___P> Reqs leqS _{_’
+ o W\, Y'Y\ o+
V. R, X
s 22 3@ Vs
Ryq, =0.140Q Xpos =70.532Q
R., =441Q Xy, =134Q

(b) To find the required voltage regulation, we will use the equivalent circuit of the transformer referred
to the secondary side. The rated secondary current is

_ 1000 VA
5115V

We will now calculate the primary voltage referred to the secondary side and use the voltage regulation
equation for each power factor.

=8.70A

(1) 0.8 PF Lagging:
V, =V + Zgolg =115£0°V +(0.140+ j0.532 Q)8.7£-36 87° A)
V, =118.8£14°V

VR = l&l%lﬁx 100% = 3.3%

(2) 1.0PF:
V, =V + Zygls =11520°V +(0.140+ j0.532 Q)8.720° A)
V, =116322.28°V

VR =%‘5—1£x100% ~1.1%



(3) 0.8 PF Leading:

V, =V, + Zgols =11520°V +(0.140 + j0.532 Q)8.7£3687° A)

V, =113.3£224°V

VR=£?’—i§i-_5£xIOO% = -1.5%

(c) Atrated conditions and 0.8 PF lagging, the output power of this transformer is
Py =ViIgcos@ =(115V)8.7 A)0.8)=800 W

The copper and core losses of this transformer are

Py =1’ Ryps =(8.7A)(0.140Q)=10.6 W

» _(VP')Z (1188 V)

ore = = =32.0W
R 441Q
Therefore the efficiency of this transformer at these conditions is
n= Four x100% = 800w =94.9%

Pour + Poy + P 800 W +10.6 W+32.0W



(2-18, page 138) Three 25-kVA 24,000/277-V distribution transformers are
connected in A-Y. The open-circuit test was performed on the low-voltage side of this
transformer bank. and the following data were recorded:

Vimeoc =480 V Tineoc =410 A Pijoc =943 W

The short-circuit test was performed on the high-voltage side of this transformer
bank, and the following data were recorded:
Vipe sc = 1400 V Tiinesc =1.80 A Piyge =912 W

line,
(a) Find the per-unit equivalent circuit of this transformer bank.
(b) Find the voltage regulation of this transformer bank at the rated load and 0.90 PF
lagging.
(c) What 1s the transformer bank’s efficiency under these conditions?

Sorution (a) The equivalent of this transformer bank can be found just like the equivalent circuit of
single-phase transformer if we work on a per-phase bases. The open-circuit test data on the low-voltag
side can be used to find the excitation branch impedances referred to the secondary side of th
transformer bank. Since the secondary is Y-connected, the per-phase open-circuit quantities are:

Veoc =277V I,c =4.1_0A Poc =315W
The excitation admittance is given by
1
V| =225 = 219R _ 601483 mho
Vioe 277V
The admittance angle is
P 315w
0 =—cos| —*% | =—cos™ =-73.9°
o8 [V, e Lo (277V)(@.10A)
Therefore,

Yy =G, — jB,, =0.014832£ —73.9° = 0.00411 - j0.01425
R. =1/G, =243Q
X, =1/B, =702Q

The base impedance referred to the secondary side is

¥,sf _Q@nVY . se0a

VA =
eSS, 25KkVA

so the excitation branch elements can be expressed in per-unit as

30 _ oo 7020
< "3 P M= 30690

=229pu




The short-circuit test data can be used to find the series impedances referred to the primary side, since the
short-circuit test data was taken on the primary side. Note that the primary is A-connected, so

Vyse =Vee =1400V, T,50 = Tsc /3 =1.039 A, and Fysc = Fic /3=304W.

1, |=—V"'~"“ _ 00V 3470
R 1, 1.039A

P
@ =cos| —*% | =cos™ [—-—-—w—) =77.9°
Vese Losc (1400 v)(1.039 A)

Zyy = Ryp + X gp =1347£77.9° =282+ j1371Q2

The base impedance referred to the secondary side is

W, F _ (24000 vy

Z = =24,040Q
and 25kVA
The resulting per-unit impedances are
2820 1371Q
=————=0.0117pu =———=0.057pu
7 240400 P 7 24,040Q P
The per-unit, per-phase equivalent circuit of the transformer bank is shown below:
lP ].'i
—_— Rep Xy —=
— WYY ——
+ 00117  j0.057 +
V., R. ¥ Xy v,
79.2 j22.9

-

(b) If this transformer is operating at rated load and 0.90 PF lagging, then current flow will be at an
angle of —cos™'(0.9), or —25.8°. The voltage at the primary side of the transformer will be

V, = Vg +1,Z,, =1.020°+(1.0£ - 25.8°)0.0117 + j0.057)=1.037.£2.65°
The voltage regulation of this transformer bank is

vR = L937-10 '031?0' 19 100% = 3.7%

{c) The output power of this transformer bank is
Poyr = Vel cos @ = (1.0)1.0X0.9)= 0.9 pu
The copper losses are

Poy = 15" Req =(1.0(0.0117)=0.0117 pu



The core losses are

F
3
p Ve _WOSTY 4o
S AETY)

Therefore, the total input power to the transformer bank is
Py =Fon + Py + P, =09+ 00117 +0.014 = 0.9257
and the efficiency of the transformer bank is

7= Pﬂxlﬂﬂ% - x100% = 97.2%
Py 0.9257



