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Example 6-4 (Section 6-5)

Three single-phase transformers are connected A~ Y as shown in Fig. 6-13.
Each transformer is rated 100 kva, 2300/13,800 v, 60 Hz. The total three-phase
load is 289.8 kva with P.F. = cos 20° = 0.94 lagging. The input voltages are:

V5 =2300/0°, Vge =2300/-120°, Vg4 = 2300 [+120°
Find all phasor voltages and currents for this transformer bank. Consider the
transformers to be ideal.
Solution

The turns ratio is @ = 2300/13,800 = 1/6. The dot-marked terminals determine
voltages that are in phase. The line-to-neutral voltages on the secondary are

Van = (1/2) V45 = 13,800 /0°
Von = (1/d) Ve = 13,800 [-120°
Von = (1/a) Vi = 13,800 [+120°
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Use Kirchhoff’ voltage law to find the line-to-line voltages on the secondary
Vab = Van - Von = 23,900 [+30°
Vo = Von = Ven =23,900 /-90°
Vea = Vo - Van = 23,900 [+150°

Observe the 30° phase shift of the secondary line voltages with respect to the
primary line voltages. The line current on the high side is found from the in-
formation about the load

1=(289,800/3)/13,800 = 7 amp

This current lags behind the line-to-neutral voltage by 20°. The currents through
the secondary windings are

Toa =7/0° - 20° =7/-20°
Ty =7/-120° - 20° = 7/-140°
Tae =7 [+120° - 20° =7 [+100°

The primary current flowing into a dot-marked terminal must be in phase with
the secondary current flowing out of a dot-marked terminal. The current in the
primary windings are

Lyp = (1/a) 1,y = 42 [-20°
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Tge = (1/a) 1, = 42 [-140°

Tea = (1/a) 1, = 42 [+100°
Use Kirchhoff’s current law to find the input line currents

Ly =g - loy =727[250°

Ig =lgc - L4 =727 /-170°

Io =lcs - Ipc =727 [+10°

If a neutral point were available on the primary side, the line-to-neutral voltage
would be V4 = 1328 [-30°. Observe that the line current I lags behind this
line-to-neutral voltage by the power factor angle.
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Example 6-5 (Section 6-5)

Two transformers, each rated 20 kva, 440/220 v, 60 Hz, are operated in open-
delta as shown in Fig. E-65. The input voltages are Vp =440 /0°, Vpe
440 [-120°, V,,, = 440 [+120°. The load on the secondary is a balanced, wye-
connected resistance load of 1.41 2 per phase. Consider the transformers to be
ideal. (a) Find the voltages on the secondary. (b) Find all currents.

Solution

(2) The tums ratio = a = 440/220 = 2. The dot-marked terminals determine
voltages that are in phase.

Vac = (1/a) Vye = (1/2) 440 [2120° =220 /120"
Veu = (1/2) Vg = 220 [+120°
Use Kirchhoff’s voltage law to find V4p
Vag =Vac +Vep =-Vea - Vpe =220[0°
The secondary voltages form a symmetrical three-phase set.

Fig. E65.
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(b) The load current will be in phase with line-to-neutral voltage. The magni-
tude of the load current is

Tpoaa = (220/4/3)/(1.41) = 90 amp
Lay = Va2, =90/-30° =1y
Yoy = Va2, = 90[-150°=-Tgc

To = Von/2, = 90 [490° =Tyc - Tes

The primary current flowing into a dot-marked terminal must be in phase
with the secondary current flowing out of a dot-marked terminal. The cur-
rents in the transformer primaries are

Tpe = (1/a) Icp =45 [-150° =1,
Toe = (1/a) Icy =45/-30°=1,
The remaining line current is found by using Kirchhoffs current law.
1, =1 + 1 = 45 [490°
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Observe that the input line currents form a symmetrical three-phase set.
These results show that two transformers can be used for symmetrical
three-phase. We expect that including the equivalent impedances would
result in some slight deviation from perfect symmetry.

It will be interesting to investigate the power and phase angle for each
transformer. For transformer 2, we have Ve =220/-120° and Igy =
90/-150° . The complex power is Py, = P, +jQ, = 17.1 - j9.9 kva. For
transformer 3, we have Vg4 = 220 [+120° and Iy = ~L,y =90 [+150°. The
complex power is Py =P; +7 Q3 = 17.1+79.9 kva. The load power factor
is unity, but each transformer is operating with a different power factor.
The total three-phase load is 34.2 kva, while the load on each transformer is
19.8 kva. If three (instead of two) transformers had been used to supply the
same load, each of them would have needed a rating of only 34.2/3 =
114 ka.
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6-6 EXAMPLES
Example 6-1 (Section 6-1)

Two coils wound around a core have 1000 and 3000 turns, respectively. Con-
nect a 400-v source across the series connection of these coils, and a 5-Q resis-
tance across the 1000 tums coil. (a) Find the voltages across each coil. (b) Find
the currents in each coil. (c) Find the input power and the output power of this
autotransformer. Consider the core and coils ideal.

Solution

Refer to Fig. 6-1. The 1000 tums coil is the common coil, the other the series
coll.
Ve = (1000/4000) X 400 = 100 v = V;,

Vs =(3000/4000) X 400 =300 v
1, =100/5 =20 amp
Iy = I = (1000/4000) X 20 = 5 amp (from Eq. 6-5)
I =20 - 5= 15 amp (from Eq. 6-6)
Because of the resistive load, all power factors are unity. Thus
Py = Vil =400 X 5=2000 w
Poy = VI, = 100 X 20 = 2000 w

In an ideal transformer, these two quantities must be equal.
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Example 6-2 (Section 6-1)

A 20va load is to be supplied at 500 v. An ideal step-up autotransformer s
used to connect this load to a 400-v source. Find () the voltage and current of
the series winding, (b) the voltage and current of the common winding, (c) the
kva rating of this transformer if it were used as  two-winding transformer.

Solution

(2) The circuit of Fig. 62 is used. The autotransformer must have high side
voltage, ¥y = 500 v, and low side voltage, ¥, = 400 volts. The series wind-




image3.png
ing voltage is
Vs =V - V=500 - 400= 100 v
The series winding current is the load current
Is = Iy = Igaq = 20,000/500 = 40 amp
(b) The voltage of the common winding is the low side voltage
Vo=V, =400v
The current in the common winding is
Ic = (NsiNe) Is = (Vs V) Is = (100/400) (40) = 10 amp
An alternative method to find I s first to find I
I, =20,000/400 = 50 amp
Then
Ic=Ip, - Iy =50- 40=10 amp

(c) The apparent power associated with the two-winding transformer is the
product of the voltage and current of one winding

Por = Vel = (400) (10 amp) = 4000 volt-amp = 4 kva.

If it were used as a two-winding transformer, its rating would be 4 kva,
400/100 volts.
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Example 6-3 (Section 6-1)

A two-winding transformer is rated 5 kva, 440/110 v, 60 Hz. Referred to the
440-v winding, the equivalent impedance is Z, = 0.5 +0.8 ohms, and the shunt
admittance is Y = 0.00026 - j 0.001 mho. This transformer is connected as a
440/550-v step-up autotransformer. (a) Find the kvarating. (b) Find the voltage
regulation for operation with power factor of 0.8 lagging. (<) Find the efficiency
for operation with rated load and power factor of 0.8 lagging.

Solution

(a) Refer to Fig. 6-4. The 110 winding is the series winding. The output cur-
rent can be the rated current of the series winding.

Iy = I = 5000/110 = 45.5 amp

The rated high side voltage is Vjy = V¢ + Vg = 440 + 110 = 550 v. The auto-
transformer rating = V7 = S50 X 45.5/1000 = 25 kva.
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(b) The given equivalent impedance is referred to the 440-v winding. This would
be Z,, in Fig. 59(a). For the autotransformer in Fig. 6-4, the equivalent
impedance i Z,, .

_[_Ns \*_ _(110) o .
7, - (Ns +Nc) 2, = (550) (0.5+/08)=002+/0032

Let V and Iy; designate the input values to the ideal autotransformer.

. Ne 440 o o
Vi = v, = (40 0° =
i (N 3 s) ~ (550>550[ 440/0° v

The power factor angle is = cos™(0.8) = 36.9°. The high side current is
Ty =455 /-369° amp.

N¢ +N; 551
|},=( o S) 1H=( 0)45.5[—369“:56.91—36.9" amp

440
Write Kirchhoff’s voltage equation to find the actual low side voltage.
VL = Vi +Ze Ty = (440 [0°) + (0038 [ 58° ) (56.9/-36.9°) =442 /0.1° v

The voltage regulation is

Véine 440
Virer 440

=0.0045
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(c) The given shunt admittance is referred to the 440-v winding. This would be
Y, in Fig. 5:9(). For the autotransformer in Fig. 64, this is also Y,

Y, =Yg, =0.00026 - 0.001 mho

In finding the core loss, we use ¥ ryeq = 440 v.

P, =G V7 =(00026) (440)* =503 w
In finding the copper losses, we use I ryea = frratea = 56.9 amp

Pg =R, (I)* = (002) (569) =648 w
The summation of losses is

Piog=Pg +P,=648+503=115.1w
The output power is

Pout = Vg Iy cos 0= (550) (45.5) (0.8) = 20,000 w

Use Eq. 1-4 to find the efficiency

115.1

Pros . LSL
20000+ 115.1

Pout + Pross

=09943





