Homework #4 Solutions

1. (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:

Viie,oc =480 V Lineoc =4.10 A Pyjoc =945 W
The short-circuit test was performed on the high-voltage side of this transformer
bank, and the following data were recorded:
Vinesc = 1400 V linesc =1.80 A Pyysc =912 W
(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 is the transformer bank’s efficiency under these conditions?

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

Vyoc =277V I,oc=4.10A Poc =315W

The excitation admittance is given by

I
Vi = 222 = 2292 _ 01483 mho
Vyoe 277V

The admittance angle is

f = —(;()s_l _P”’i_ = —COS_I __3§_W___ =-73.9°
Vo Lyoc (277V)(4.10A)

Therefore,
Y. =G. - jB,, =0.01483£-73.9°= 0.00411 - j0.01425
R, =1/G, =243Q
X, =1/B,=702Q

The base impedance referred to the secondary side is

Z s = by @7V o690
meS TS, 25KkVA

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

e 243Q =792 pu X, = 702Q _
3.069 Q 3.069 Q

22.9pu




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

Voo =Vee = 1400V, I =Isc /\3=1.039 A, and Pysc = Poc /3=304W.
14
|Z,o| = 2= = 140V _ 1347 0
I 1039A
P
0 =cos™| —2%X|= cos"( i/ ) =77.9°
Vysc Lysc (1400 v)(1.039 A)

Zgy = Ry + jX 5o =1347£77.9° = 282+ j1371Q
The base impedance referred to the secondary side is

_eF _ao00vy

Linser = =24,040Q
” S 25kVA
The resulting per-unit impedances are
282Q 1371Q
=————=0.0117pu =——"—=0.057pu
2 = 24,0400 P 2 = 240400 P
The per-unit, per-phase equivalent circuit of the transformer bank is shown below:
IP ]S
— Ryg  JXppg —>
>— J'AVA' 4',wi_.
+ 0.0117  j0.057 +
V, R. % X \2
79.2 Jj22.9

—

(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, =V, +1.Z,, =1.020°+(1.0£-25.8°)0.0117 + j0.057) =1.037.£2.65°
P s T 1s€Eq

The voltage regulation of this transformer bank is

1.037-1.0

VR x100% = 3.7%

(¢c) The output power of this transformer bank is

=V cos @ = (1.0{1.0X0.9)= 0.9 pu

F out

The copper losses are

Py = I Ry =(1.0)(0.0117) = 0.0117 pu



The core losses are
V..  (1.037)
P =L-=2""_t =0014pu
= R 79.2 .
Therefore, the total input power to the transformer bank is
Py =Fyn # Py + P, =09+0.0117+0.014 =0.9257
and the efficiency of the transformer bank is

Four « 100% = 09

Py 0.9257

x«100% =97.2%

j';.‘:

2. The following figure shows a power system consisting of a three-phase 480-V 60-Hz
generator supplying a load through a transmission line with a pair of transformers at

ertner (E‘I‘]_i_;r ;i:_
g

ot
o=t

3
3

Generator . , T,
480 V Line
. | Load I
480/13,800 V Z;,=15+;10Q 13,800/480 V
1000 kVA 500 kVA
R =0.010 pu R=0.020 pu Zyoad =
X =0.040 pu X=0.085pu 0.5£36.87°Q

Y——connected

(a) Sketch the per-phase equivalent circuit of this power system.
(b) Find the active power P, reactive power Q, and apparent (complex) power S
supplied by the generator. What is the power factor of the generator?

Solution:
Region 1 Region 2 Region 3
Siaser =1000 KVA Siase; =1000 kVA Siases =1000 kKVA

VL,basel =480 V VL,baseZ :13’800 \4 VL,base3 =480 V



This problem can best be solved using the per-unit system of measurements. The power
system can be divided into three regions by the two transformers. If the per-unit base quantities in

= 1000 kVA and V..., =480V, then the base quantities in Regions 2
and 3 will be as shown above. The base impedances of each region will be:

W,"  3Q77V)

Region 1 are chosen to be S,

asel

Zyp == =0.238Q
Speer  1000kVA
;W' _309%1VF _ 0040
2 S 1000kVA '
s Vel _3RTIVY oo
TS Sies 1000KVA

(a) To get the per-unit, per-phase equivalent circuit, we must convert each impedance in the system to
per-unit on the base of the region in which it is located. The impedance of transformer 7| is already in
per-unit to the proper base, so we don’t have to do anything to it:

R, =0.010
X, pu = 0.040

The impedance of transformer T, is already in per-unit, but it is per-unit to the base of transformer 7,, so
it must be converted to the base of the power system.

2
v, S,
{R’ X’ sz'l-tﬂﬁ hase 2 ~ [R" X’ lz'}rm on base [ @]_EL mz) {2—54]}
( bmz} {Sm,}
2
R,,, =0.020 (7967 V)Y (1000kVA) _ A
(7967 VY ( 500 kvA)
2
Xy, = 0.085 (7967 V) (1000kVA) _ 0.170

(7967 VY ( 500 kvA)
The per-unit impedance of the transmission line is

Z : f
z S 1247109 _ 4 60788+ j0.0525

= line

ez 19040

The per-unit impedance of Load  is
Z 0.5:36.87° 0

Zippg g = il o ZOEIDEL 00y 6814 11261
o . 0.2380 d

The resulting per-unit, per-phase equivalent circuit is shown below:
0010 _ D040 000788 0525 0040 0170
e




(b) the equivalent impedance of this circuit is

Zgo =0.010+ 70.040 +0.00788 + ;j0.0525 + 0.040 + j0.170 +1.681 + ;1.261
Zyq =1.7389 + j1.5235=2.312,41.2°

The resulting current is

O 1L0°
2.312241.2°

The load voltage under these conditions would be

Vi =1 Z 0 = (043252 - 41.2°)(1.681 + j1.261) = 0.909.£ — 4.3°
View = ViostpnV vuses = (0.909)480 V) = 436 V

=0.4325£-41.2°

The power supplied to the load is
Proipe = 'Ry = (0.4325)(1.681) = 0.314
Pross = Prosd puStase = (0.314Y1000kVA) = 314 kW
The power supplied by the generator is
P, =VIcos@ = (1)0.4325)cos 41.2° = 0.325
Qg = VIsin@ = (1){0.4325)sin 41.2° = 0.285
S = VI =(1(0.4325) = 0.4325
P; = P; . Spuse = (0.325)1000kVA) = 325 kW
05 = O puSoase = (0.285X1000kVA) = 285kVAR
S =855, =(0.43251000kVA) = 432.5kVA

G,pu™ base

The power factor of the generator is

PF = cos 41.2° = 0.752 lagging



