TEXT 4

BALANCED THREE-PHASE SOURCES AND LOADS


Balanced loads and voltage sources for three-phase electric networks invariably occur in the delta or wye configurations or combinations of the two.

A three-phase load is said to be balanced if the impedance of each of the three single-phase loads is the same.

A set of sinusoidal voltage sources is said to be balanced is the maximum value of each of the voltages is the same and if the phase angles of two of the voltages are 1200 and –1200 relative to the third. As an example, the following set of three sinusoidal functions is a balanced set by this definition: 
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The direction of rotation of a three-phase electric motor depends upon order in which the applied balanced voltages become maximum. This orderis called the phase sequence of the balanced set. For the example shown in Equation 1 the sequence is 321. Equivalent statements of the phase sequence are 132 and 213. It is, however, customary to refer to the two possible orders as 123 and 321.

We restrict the type of system considered in this chapter to the simple configuration illustrated in Fig. 1. In general, the sources may be connected Δ or Y. Likewise the load may be connected in the either manner. If both source and load are Y- connected, the transmission line connecting them may consist of four wires – one of which ties together the center (or neutral) junctions of the Y'’. Otherwise the transmission line is always a three-wire line.

In many practical problems the transmission-line impedance may be neglected in comparison with the load impedance. A simpler model results when such an approximation can be made. We consider the case of zero impedance in the transmission line as well as the nonzero impedance case for the various load configurations.

In specifying operating voltages and currents of electric-power system, the rms currents in the lines and the rms voltages measured between lines are usually used. With Y-loads and Y-sources, the line currents correspond to the load and source currents. The line-to- line voltages do not correspond to the load voltages but are related in a simple manner.


Consider the Y-configuration of Fig. 10.3. Double-subscript notation is convenient to describe the relationship between the line-to- line voltages (here - after abbreviated to line voltages). The notation Vab denotes the rms phasor voltage of a with respect to b. Using this notation, let us assume that the phasor representation of the Y voltages is 

E1= Vad =E
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E2= Vbd =E
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E3= Vcd =E
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 θ-240˚  (10.2)

We would like to find the line voltages Vab, Vbc, Vca.. For convenience we connect a set of meters on the system of Fig. 10.3 to measure these line voltages. For the system thus formed the Y- voltages constitute a star-tree of voltages.

Thus using the resulting loops, we can write Vab+ Vbc+ Vca=0 or

Vab= Vad+ Vdb
Vab= E
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 θ-120˚=(1.5+j0,866) E
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Similarly, Vbc= Vbd+ Vdc=
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Vca= Vcd+ Vda=
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For every balanced three-phase source-load combination, we also found that the three-phase complex power expression is  

S=P+jQ=
[image: image16.wmf]3

VLIL
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VLIL(cos α+jsin α)

where α is the angle associated with the load impedance, VL the rms line-to- line voltage magnitude, and IL the rms line-current magnitude.


This common expression for complex power for all balanced three-phase networks is a result of the fact that (1) for balanced Y-loads, line-to- line voltage magnitude is 
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 times the individual load-voltage magnitude, and (2) for balanced Δ- loads, line-current magnitude is 
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 times the individual load- current magnitude.
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