12.7. POWER IN A BALANCED SYSTEM

Let us now consider the power in a balanced three-phase system. We
begin by examining the instantaneous power absorbed by the load. This
requires that the analysis be done in the time domain. For a Y-connected
load, the phase voltages are

vay = V2V, coswt,  vpy = V2V, cos(wt — 120°)

(12.41)
vey = V2V, cos(wr + 120°)

where the factor +/2 is necessary because V), has been defined as the rms
value of the phase voltage. If Zy = Z /6, the phase currents lag behind
their corresponding phase voltages by #. Thus,

ia = 21, cos(wt — ), iy =~2I,cos(wt — 6 — 120°)

(12.42)
ic = ~/21, cos(wt — 6 + 120°)

where 1, is the rms value of the phase current. The total instantaneous
power in the load is the sum of the instantaneous powers in the three
phases; that is,

P = Pa+ Pb+ Pe = VaNla + VBNIb + UCNic
=2V, I,[cos wt cos(wt — B)

(12.43)
+ cos(wt — 120°) cos(wt — 0 — 120°)
+ cos(wt + 120°) cos(wt — 6 + 120°)]
Applying the trigonometric identity
1
cosAcos B = E [cos(A + B) +cos(A — B)] (12.44)

gives
p=Vpl,[3cos0 + cos(2wt — ) + cos(2wt — 0 — 240°)
+ cos(2ewt — 6 + 240°)]
= V,I,[3cos# + cosa + cosa cos 240° + sin « sin 240°
+ cos cos 240° — sin @ sin 240°] (12.45)

where @ = 2wt — 0

|
= Vplp [3(:039 +cosa + 2 (_E) cusa] = 3V,I,cos@

Thus the total instantaneous power in a balanced three-phase system is
constant—it does not change with time as the instantaneous power of each
phase does. This result is true whether the load is Y- or A-connected.



