








CHAP. 14] POLYPHASE SYSTEMS 199

The one-line equivalent circuit is one phase of the three-phase, four-wire, wye connected
circuit in Fig. 14-10, except that a voltage is used which has the line to neutral magnitude
and a phase angle of zero. The line current calculated for this circuit has a phase angle
with respect to the phase angle of zero on the voltage. Then the actual line currents
I4, In and I; will lead or lag their respective line to neutral voltages by this same phase
angle.
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Fig.14-10. One-line Equivalent Circuit

Example 3. Calculate the line currents of Example 1 by the one-line equivalent method.
Draw the one-line cireuit and mark a A at the load to show

that the actual impedances were in a delta-connection, The im- A
pedance of the wye-connected equivalent is T
Zy = Z,/3 = (5/3)/45°
and the line to neutral voltage is 63.5/0° (6/3)/48"
Vin = V/VE = 1103 = 635

Then the line current is — =

_Vin _ 63.5@ - o Fig. 14-11
L =— ~m—33.1{45

Since this current lags the voltage by 45°, the line currents I,, Iy and I. lag their respective
voltages V,y, Vg, and Vo by 45°. The angles on these voltages are obtained from the ABC triangle
of Fig. 14-5(a). The line to neutral voltages and the corresponding line currents are tabulated below.

Vanw = 63.5/80° I, = 38.1/80° — 45° = B38.1/45°
Vany = 63.5/=30° Iz = 38.1/-30° — 46° = B88.1/=75°
Vew = 63.6/—1560° I, = 38.1/-1560° — 46° = 38.1/—195°

These currents are identical to those obtained in Example 1. If the phase currents in the delta-
connected impedances are required, they may be found from [, = IL;’\.‘E = Eﬂ.lfﬁ = 22, The
phase angles on these currents are obtained by first setting the phase angles on the line to line voltages
and then determining the currents such that they lag by 45°. Hence, \

Vasz = 110/120° Lig = 22/120° — 46° = 22/75°
Yae = 110/0° Igc = 22/0° — 46° = 22/—4§°
Vea = 110/240° Iea = 22/240° — 45° = 22/195°

UNBALANCED DELTA-CONNECTED LOAD

The solution of the unbalanced delta-connected load consists of computing the phase
currents and then applying Kirchhoff’s current law to the junctions to obtain the three line
currents. The line currents will not be equal nor will they have a 120° phase difference
as was the case with balanced loads.
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Example 4.
A three-phase, thrae-wire, 240 vaolt, ARC wystemy has o della-connented lond with %., = 10/0%,

Zpe = 104307 and Loy = L6f-H0Y, Obtain Lhe three line currents and draw the phasor disgram,

W= g

240f2a0°
'(-'—"'"c

Fig. 14-12 Fig. 14-13
Conztruet the cireuit diagram as in Fig. 14-12, und apply the phagor veltages. Then the phase
eurrents as shown on the diapgrum are independent and given by
Vae 24041200 j Yo Viis
B om— — = e —— =22 L L o
Yap = g 10705 244120°, Tpe = grC = BMT, Tea = g = 16/270°

Apply Kirchhoff's current law to the junctiong of the lowd and write
= 24!1%‘ = 1Bj2T0° — $8.7/108.1°

Ih = Lo+ e

IH - ’ﬂ.\- ' 5 IFFI:' = -2‘!129_:’ b ‘Edl"— it — e | [¥ | —45'}

Le = leg+ Iy = 162707 — 247307 = 2L2090.9¢

The eorresponding phasor disgram iz shown in Mg 14-12,

UNBALANCED FOUR-WIRE, WYE-CONNECTED LOAD

On a four-wire system the neutral conductor will carry a current when the load is
unbalanced and the vollage across each of the lond impedances remains fixed with the
same magnitude as the line to neutral voltage. The line currents are unegual and do not

have o 120° phase difference,

Fxample 3.
A theee-phase, four-wire, 208 wolt, CBA aystom has a wye-conneeted load with Z, = 6/0°,
Ly — G/230° and 7. = 6f48¥. Obtain Lthe thres line currentz and the neutral currenit. Draw the

phasor diagram.
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Fig. 14-14














