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Chapter 11: Polyphase Circuits 111

and thus the voltage V,, may be found, with an eye on the subscripts:
Va= Vot Vo= VoV
=100/0° — 100/ —120°
= 100 — (—50 — j86.6)
=173.2/30°

The three given voltages and the construction of the phasor V,; are shown on
the phasor diagram of Fig. 11-3.

V,, = Van + Vop FiGUPE 11-3

This phasor diagram illustrates the graphical use of
the double-subscript voltage convention to obtain
V,, for the network of Fig. 11-2.




a 4 Figure 11-7

£ e 7 A simple single-phase three-wire system. The two loads are
P]  identical, and the neutral current is zero.
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Figure 11-8

A typical single-phase three-wire system.

115 /0° V rms

115 /0° V rms

o

Solution: The analysis of the circuit may be achieved by assigning mesh
currents and writing the appropriate equations. The three mesh currents

are
115  —50 —3
0 170 + jl10 —100
115 -100 104
L= =11.24/—19.83° A rms
54 -50 -3
-50 170 + j10 —100
=9 —-100 104
54 115 -3
-50 0 —-100
=3 115 104
e = 9.39/—-24.47°
denom
54 -50 115
=50 170 + j10 0
o -3 -100 1156
§ =5 = b f
s 10.37/-21.80

The currents in the outer lines are thus

La=1= 11.24/-19.83° A rms
Iw o= —Ia = 10.37[ 158.20°
and the smaller neutral current is

Lv=1 -1, = 0.946/ —177.7° A rms
The power drawn by each load may be determined:

. P50= III = Iz|2(50) = 206 W
which could represent two 100.W lamps in parallel. Also

Pio = Iy - LX100) = 117 W
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| which might represent one 100-W lamp. Finally,
Pyiii0 = |L/%20) = 1763 W

which we may think of as a 2-hp induction motor. The total load power is
2086 W. The loss in each of the wires is next found:

Py = |LJX1) = 108 W
Py=|LyA3)=3W

giving a total line loss of 237 W. The wires are evidently quite long; other-
wise, the relatively high power loss in the two outer lines would cause a
dangerous temperature rise. The total generated power must therefore be
206 + 117 + 1763 + 237, or 2323 W, and this may be checked by finding

the power delivered by each voltage source:

P,, = 115(11.24) cos 19.83° = 1216 W
Py, = 115(10.37) cos 21.80° = 1107 W

or a total of 2323 W. The transmission efficiency for this system is

2086

= 2086 + 237 20-8%

Eff.




A phasor diagram showing the two source voltages, the Currerss == =
outer lines, and the current in the neutral is constructed in Fig. 11-9. The

fact that I, + I, + Ly = O is indicated on the diagram.
4

Figure 11-8

The source voltages and three of the currents
in the circuit of Fig. 11-8 are shown on a pha-
sor diagram. Note that Iy + Iz + v =0

——




Figure 11-10

Van = P 00

where we shall consistently use V,to represent the rms amplitude of any of the

phase voltages, then the definition of the three-phase source indicates that
either

Vin=V, /=120 Vo=V /=340
or Vi =V, /120° V.=V, /240°

A Y-connected three-phase four-wire source.

Figure 11-11

—o C

The former is called positive phase Sequence, or abc phase sequence, and is
shown in Fig 1.1-‘11a_ negative phase sequence, or cha phase
sequence e phasor di

that the phase se i

agram of Fig. 11-11b5. It is_appareqt
. -Phase source depends on the arbi-
als to be let

(@) Positive, or abc, phase sequence,
(b) Negative, or cba, phase sequence,
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V., = V3V, /30°
V,.= V3V, /-90°
V.= V3V,/-210°>

Kirchhoff's voltage law requires the sum of these three voltages to be zero, and
it is Zero. :

Figure 11-12

A phasor diagram which is used to determine the line
voltages from the given phase voltages.
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Vo= |Va| = V| = |V,
or known phase voltages

VP e Ivcml = |vbu| = |ch|

where
V.=V3V, and V,=V3V,/30°

and so forth, as before. Since the voltage across each branch of the A is known,
the phase currents are found:

Va Vi Ve
L= Ye - oY g
-AB zp BC Zp zp
and their differences provide us with the line currents, such as
IM e IAB 5 ICA

A balanced A-connected load is present on a
B ihree-wire three-phase system. The source hap-
pens to be Y-connected.




