ELG3311: Tutorial 2

Problem 2-1:

The secondary winding of a transformer has a terminal voltage of v, (f) = 282.8 sin 377¢ V.
The turns ratio of the transformer is 50:200 (a = 0.25). If the secondary current of the
transformer is is (f) = 7.07 sin (377t — 36.87°) A, what is the primary current of this
transformer? What is the voltage regulation and efficiency? The impedance of this
transformer referred to the primary side are:

Rr=0.005Q Rc=75Q
Xr=0.225Q Xm=200

Solution: The following equivalent circuit is referred to the primary.
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The secondary voltage and current are

Vg = 2828 £0°V=200£0°V
V2
Ig :ML -36.87° A=5/-36.87° A
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The secondary voltage referred to the primary side is

V& =aVg =0.25%200£0° = 50.£0°

The secondary current referred to the primary side is

pols 52736870 0 scg70a
S 0.25

The primary circuit voltage is given by

Vp=V§ +1§ (Rp + jX1)
Vp = 50,0° + (204 -36.87° )(0.05 + j0.225) =53.6,32°V

The excitation current of this transformer is




=0.7145/3.2° +2.675/-86.8° =2.77/-71.9°

53.6£3.2° 53.6,32°
Io=Ic+I,= + -
75 720

The total primary current is

Ip=If +1,=20£-36.87° +2.77£-71.9° =223/ -41° A

The voltage regulation of the transformer

Vi =Mxloo%=$xloo%= 7.2%

aVS

The input power is

P, = Vp Ip cos@ =53.6x22.3 x cos (3.2° +41°)= 857 W

The output power is

P,y = Vs Ig cos @ =200 5x cos 36.87° =800 W

The efficiency

nzﬁxloo% :%xmo% =93.4%

in




Problem 2-2:
A 20-kVA 8000/277-V distribution transformer has the following resistances and
reactances:

Rp=320Q Rs=0.05Q
Xp=45Q Xs=0.06 Q
Rc=250kQ X, =30kQ

The excitation branch impedances are given referred to the high-voltage side of the
transformer

a. Find the equivalent circuit of this transformer referred to the high-voltage side.
. Find the per-unit equivalent circuit of this transformer.
c. Assume that this transformer is supplying rated load at 277 V and 0.8 PF lagging. What
is the transformer’s input voltage? What is its voltage regulation?
d. What is the transformer’s efficiency under the conditions of part (c)?

Solution: The turns ratio a = 8000/277 = 28.89. The secondary impedances referred to the
primary side are

RE =a? Ry =(28.89)%(0.05)=41.7Q
xXFP =a’xy =(28.89)(0.06) =50.1Q

320 45 Q 4170 j50.1Q  1ya

Vi 250 k2 § 730 Q aVs

o O

(b) The rated KVA of the transformer is 20 kVA, and the rated voltage on the primary side
is 8000 V, therefore, the rated current in the primary side is 20 kVA/8000 V = 2.5 A.
Accordingly, the base impedance on the primary side is

Ziase = Sbase - 8000 _ 3550 ¢y

Ipase 2.5

Since Zyy = Zycnat/Zoase> the resulting per unit equivalent circuit is

r_0.01 70.0141 0.013 JOOIST 1y

_Io__lvv\/_rwv\ JVW Y Y'Y\ —pH
IC‘

r
v 78.125 § §J9.375 aVs




( ¢) The equivalent circuit referred to the primary side is shown in the following diagram:

I . ;
P 320 45 Q 4J1\'/7\/\Qr J50.1Q  1g/a
+ AICV _
a 250 kQ § ; 730 Q aVs
o o)
I _20KVA 36870 =722/ -36.87°
277V
o
1§ _ 122243687 55, 3687°A
28.89

The primary voltage is

Vp=Vg +(Rp +jXr)I§
=8000,0° + (73.7 + j95.1)(2.54 - 36.87O)= 8290.20.55°

The voltage regulation is

~8290-8000

R x100% =3.63%

(d) The losses are

Pcopper = (IE)ZRT = (2.5)2 (73.7): 461W
_ (V&) 82902

P = = =275W
core 250,000
The efficiency is
P .
7= out %x100% = 20kVA x0.8 x100% =95.6%

Pout + Peopper + Peore 20kVA x 0.8 +461+ 275




Problem 2-3:
A 2000-VA, 230/115-V transformer has been tested to determine it equivalent circuit. The
results of the test are shown below:

oC SC
VOC:230V VSC: 132V
Ioc =045 A Isc=6A
POC:30W PSC:20~1 \\

All data given were taken from the primary side of the transformer.

a. Find the equivalent circuit of the transformer referred to low-voltage side.
b. Find VR at rated conditions and (1) 0.8 PF lagging, (2) 1.0 PF, (3) 0.8 PF lagging.

Solution: From OC Test, we get

Rc =1763Q
X,, =534Q

From SC, we get

RT =0.588Q
Xp =j2.128Q

The equivalent circuit referred to the secondary side is shown in the following diagram

alg 0.140Q  ;0.532Q

o MN—YN—

r
Ve/a 441 0 § ? 1340 Vs

(b) The reated secondary current is

15 =20 _g7A
115

(1) When 0.8 PF lagging

VS = Vg + Z7lg =11520° +(0.140 + j0.532)(8.74 - 36.870)
=118.8/1.4°

Vi =%x100% ~33%

(2) When 1.0 PF

VB = Vg + Zplg =11520° +(0.140 + j0.532)(8.740°)
~116.3,2.28° V




_116.3-115

R x100% =1.1%

(3) When 0.8 PF leading

VP = Vg + Z7lg =11520° +(0.140 + j0.532)(8.7436.87°)
=113.3,2.24°

_113.3-115

R x100% = —1.5%

The copper and core losses of the transformer are: 10.6 W and 32 W.

The efficiency is

115x8.7x0.8

n= =94.9%
115x8.7x0.8+10.6+32




Problem 2-4:

A single-phase power system is shown in Figure P2-1. The power source feeds a 100-kVA
14/2.4-kV transformer through a feeder impedance of 38.2 + j140 Q. The transformer’s
equivalent series impedance referred to its low-voltage side is 0.12 + 0.5 Q2. The load on the
transformer is 90 kW at 0.85 PF lagging and 2300 V.

oad

Source ' Feeder ' Transformer ' Load

a.  What is the voltage at the power source of the system?
b. What is the voltage regulation of the transformer?
c. How efficient is the overall power system?

Solution: We will refer this circuit to the secondary. The feeder’s impedance referred to the
secondary side is

7y e = (%](38.2 +j140)=1.12 + j4.11Q

The secondary current is given by

90
2300 0.9

Ig =43.482-25.8°

I —43.48A

(a) The power at the power source of this system (referred to the secondary lab) is

S S
Vsource = Vs +1Is Ziine +1s Zt
=2300£0° + (43.484 - 25.8°)+ (L12+ j4.11)+ (43.484 - 25.8°X0. 12+ j0.5)

=2441/3.7°V

Now find the voltage at the power source

Vsource = (244143'7(’{%) =14.24,3.7°kV

(b) To find the VR, we must find the voltage at the primary side referred to the secondary
under full load condition

VS = Vg +1sZy
=230020° + (43.484 ~25.8° Xo. 12+ j0.5)=2314.£0.43°




Therefore

R _ 2314-2300
2300

x100% = 0.6%

(c) The power supplied by the load is
(d)

P = VS e I c0sO = 2441x 43 48 x 05 29.5° =92.37 kW

The efficiency is

x100% =97.4%

P
= UL 009 = 20
92.37

in




Problem 2-14:

A 12.4-kV single-phase generator supplies power to the load through a transmission line.
The load’s impedance is Z,,q = 500236.87° Q, and the transmission line’s impedance is Zj,.
=60-260° Q.

Zline
C/ D Zload
(a)
1:10 10:1
— Zline
C/ D Zload
(b)

a. If the generator is directly connected to the load (Figure 2-3a), what is the ratio of the
load voltage to the generator voltage? What are the transmission losses of the system?

b. If a 1:10 step-up transformer is placed at the output of the generator and a 10:1
transformer is placed at the load end of the transmission line, what is the new ratio of
the load voltage to the generated voltage? What are the transmission losses of the
system now?

Solution: In case of the directly-connected load, the line current is

(6]
Liine =lioad = 1220 =2232/-393° A

60.260° +500./36.87°

The load voltage is

Vioad = load Zioad = (22.324 - 39.301500436.870 ): 11162 -2.43° kV

The ratio of the load voltage to the generated voltage is 11.16/12.4 = 0.9. The transmission
losses are

Ploss = I2neZioad = (22.32)7(30) = 14.9 kW

(b) Two transformers are used. The impedance of the transmission line becomes




line E 10

I%pad - 12.420°
ine oa
0.6260° +500,36.87°

1Y 1y
VAT =( j Zine = (—j (6046o°)= 0.6260°

=24.773/-3690° A

The load voltage is

Vioad = load Zioad = (24.7734 - 36.9001500436.870): 12.386.£—0.03° kV

The ratio of load voltage to generated voltage is 12.386/12.4=0.999. The current in the
transmission line is

1 1
Iline = (Ej Iload = (Ej (2477) = 2477 A

The losses in the transmission line are

Ploss = I12ineRline = (2~477)2 (30) =184 W

Transmission losses have decreased by a factor of more than 80.
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