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Three Important Properties of Balanced Three-Phase Systems

First, some trigonometry identities:
· cos(A – B) = cos(A)cos(B) + sin(A)sin(B)

· cos(A + B) = cos(A)cos(B) – sin(A)sin(B)

· sin(A – B) = sin(A)cos(B) – cos(A)sin(B)

· sin(A + B) = sin(A)cos(B) + cos(A)sin(B)

Property 1.  Because they form a balanced set, the a-b-c currents sum to zero.  Thus, there is no return current through the neutral or ground, which reduces wiring losses.
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Property 2.  An N-wire system needs (N – 1) meters.  A three-phase, four-wire system needs three meters.  A three-phase, three-wire system needs only two meters.
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Thus, for three-phase, four-wire, three wattmeters are needed to compute
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For three-phase, three-wire, the neutral wire is not present.  Thus, 
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and letting phase c become the reference, then 
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Thus, for three-phase, three-wire, two wattmeters are needed to compute

· 
[image: image26.wmf])

(

)

(

)

(

)

(

)

(

t

i

t

v

t

i

t

v

t

p

b

bc

a

ac

tot

+

=

.

More trigonometry identities:
· 
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Property 3.  The instantaneous power is constant
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The terms in side the bracket form a balanced set, and thus equal zero.  Thus, 
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Three-phase, four wire system
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Three-Phase Balanced Phasors





The phasors are rotating counter-clockwise.


The magnitude of line-to-line voltage phasors is � EMBED Equation.3  ��� times the magnitude of line-to-neutral voltage phasors.
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Conservation of power requires that the magnitudes of delta currents Iab, Ica, and Ibc are � EMBED Equation.3  ��� times the magnitude of line currents Ia, Ib, Ic.
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Balanced Sets Add to Zero in Both


Time and Phasor Domains





Ia + Ib + Ic = 0





Van + Vbn + Vcn = 0





Vab + Vbc + Vca = 0





Line currents Ia, Ib, and Ic





Delta currents Iab, Ibc, and Ica





The Two Above Loads are Equivalent in Balanced Systems


(i.e., same line currents Ia, Ib, Ic and phase-to-phase voltages Vab, Vbc, Vca in both cases)
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The Two Above Sources are Equivalent in Balanced Systems


(i.e., same line currents Ia, Ib, Ic and phase-to-phase voltages Vab, Vbc, Vca in both cases)
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In





KCL:  In = Ia + Ib + Ic





But for a balanced set,


Ia + Ib + Ic = 0, so In = 0





Ground (i.e., V = 0)





The Experiment:  Opening and closing the switch has no effect because In is already zero for a three-phase balanced set.  Since no current flows, even if there is a resistance in the grounding path, we must conclude that Vn = 0 at the neutral point (or equivalent neutral point) of any balanced three phase load or source in a balanced system.  This allows us to draw a “one-line” diagram (typically for phase a) and solve a single-phase problem.  Solutions for phases b and c follow from the phase shifts that must exist.
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The “One-Line” Diagram





Balanced three-phase systems, no matter if they are delta connected, wye connected, or a mix, are easy to solve if you follow these steps:


Convert the entire circuit to an equivalent wye with a grounded neutral.


Draw the one-line diagram for phase a, recognizing that phase a has one third of the P and Q.


Solve the one-line diagram for line-to-neutral voltages and line currents.


If needed, compute line-to-neutral voltages and line currents for phases b and c using the ±120° relationships.


If needed, compute line-to-line voltages and delta currents using the � EMBED Equation.3  ��� and ±30° relationships.
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