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| Summary of phase and line voltages/currents for balanced three-phase

systems.?
Connection Phase voltages/currents Line voltages/currents
Y-Y Van =V, /0° V= V3V, /30°
V,, = V,/—120° Vie = Vi /—120°
Ve, = V,/+120° V.. =V,/+120°
Same as line currents I,=V,/Zy
I, =1,/-120°
I.=1,/+120°
Y-A Voo =V, /0° Var = Vag = V3V,/30°
Vi = V,/—120° Ve = Ve = Vo / —120°
Ve = V,/+120° Vo = Vea = Vo /+120°
Lig = Vap/Zy I, = IAB\/gf —30°
Igc = Vpo/Zy I, =1,/—120°
Ica = Veu/Zy I.=1,/+120°
A-A V=V, 0° Same as phase voltages
Ve = V,/—120°
Vo =V,/+120°
Lig = Va/Zn I, = IAB‘\/§£ —30°
Ipc = Vi /7 I, = Ia{ —120°
Ica = Vo /ZA I.=1,/+120°
A-Y Vo =V,/0° Same as phase voltages

Ve = V,/—120°
Ve =V,/+120°

Same as line currents

V,/—30°

[,=——7—
\V3Zy

I, =1,/-120°

I.=1,/+120°

! Positive or abc sequence is assumed



Power in a Balanced System

“For a Y-connected load, The total instantaneous power in the load is the
sum of the instantaneous powers in the three phases; that is,

P=Pat PpT Pc=Uynlg T Upnlp T Ucni,
3] ;,,.-’J,, cos 6
Thus the total instantaneous power in a balanced three-phase system is

constant.
This result is true whether the load is Y- or A — connected.

‘The average power per phase is 7, = V/,/, cosf

The reactive power per phase is O, = V1, sinf
The apparent power per phaseis S5, = V1,

The complex power per phase is S, = 2» + /0, = V, I},
The total average power is the sum of the average powers in the phases:

P=P,+ Py+ P,=3P,=3V,I,cos0 = V3V,I cosf

For
Y-connected load, I, =1, but V; = \/§Vp,
A-connected load, /; = \/§Ip but V=1V,
The total reactive power is
O = 3V,1,sin6 = 30, = V3V, I sinf

p'p
The total complex power is

S=P+,0=V3V,1,/6

Where 0 is the angle between the phase voltage and the phase current.



Example 1

Determine the total average power, reactive power, and complex power at the
source and at the load of the circuit shown in Fig. 3
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] Figure 3 Y-Y connection
Solution:

vV, =110/0°V and I,=681/—-21.8°A
Thus, at the source, the complex power absorbed is

S, = —3V,I% = —3(110/0°)(6.81 /21.8°)
= —2247/21.8° = —(2087 + j834.6) VA

The real or average power absorbed is —2087 W and the reactive
power 1s —834.6 VAR.
At the load, the complex power absorbed i1s

S, = 3|L,|°Z,
where Z,, = 10 + j8 = 12.81/38.66° and I, = I, = 6.81/—21.8°. Hence,

S, = 3(6.81)°12.81 /38.66° = 1782 /38.66

— (1392 + j1113) VA

The real power absorbed 1s 1391.7 W and the reactive power absorbed
is 1113.3 VAR. The difference between the two complex powers is
absorbed by the line impedance (5 — j2) (). To show that this is the
case, we find the complex power absorbed by the line as

S¢ = 3|L,I”Z, = 3(6.81)*(5 — j2) = 695.6 — j278.3 VA

which is the difference between S, and S;; thatis, S, + S, + S, = 0,
as expected.




Unbalanced Three-Phase Systems

An unbalanced system is due to unbalanced voltage sources or an
unbalanced load.

Unbalanced three-phase systems are solved by direct application of
mesh and nodal analysis. L )
Fig. 10 shows an example of an o :
unbalanced three-phase system that
consists of balanced source voltages Vv z,
and an unbalanced Y-connected load. '
Since the load is unbalanced, and are
not equal.

The line currents are determined by
Ohm’s law as:

Figure 10 unbalanced three-phase Y-connected load.

Vun Ven
]a = iﬂ lh = =
7,

[ = Ven
7z’ © Ze

This set of unbalanced line currents produces current in the neutral line,
which is not zero as in a balanced system. Applying KCL at node N
gives the neutral line current as

ln = _(lcr + Ih + Ic)
In a three-wire system
I, +1,+1.=0

To calculate power in an unbalanced three-phase system requires that
we find the power in each phase using

P=P,+ P, + P,

The total power is not simply three times the power in one phase but the
sum of the powers in the three phases.




Example 6

The unbalanced Y-load of Fig. 10 has balanced voltages of 100 V and
the acb sequence. Calculate the line currents and the neutral current

Solution:
the line currents are
100 /0°
I, = = 6.67/0° A
15
100/120° 100/120°
I, = = = 8.94/93.44° A
PT10+ 5 11.18/26.56°
100/ —120° 100/ —120°
I. = = 10/-66.87° A

6—,j8  10/-53.13°

the current in the neutral line is
L, =, + 1, + 1) = —(6.67 — 0.54 + j8.92 + 3.93 — j9.2)
= —10.06 + ;0.28 = 10.06/178.4° A

Example 7
For the unbalanced circuit in Fig. 11, find: (a) the line currents, (b) the total

complex power absorbed by the load, and (c) the total complex power absorbed
by the source I,

a — A4

120/0° rms é)

n

120/120° rms

Figure 11



Solution:

(a) We use mesh analysis to find the required currents.
For mesh 1,

120/-120° — 120/0° + (10 + jS)I; — 10I, = 0
Or (10 + j5)I;, — 101, = 120V3 /30°

For mesh 2,
120/120C’ — 120/—1200 + (10 — j10)I, — 10I; = 0
Or —10I, + (10 — j10)I, = 120\/?{—90“

[10 +j5 —10 }[Il} _[ 120V3 /30° J
—10 10 — j10] L, 120V3/-90°
The determinants are
A |10_‘|1‘0j5 10—_1210| = 50 — j50 = 70.71 /—=45°
A, =‘ e ‘= 207.85(13.66 — j13.66)
120V3/-90° 10 — ;10

= 4015 /—45°

10 +/5 120V3/30°
By I 4 2| 207.85(13.66 — j5)

-10  120V3/—90°

=3023.4/-20.1°
The mesh currents are

A, 401523/—45°
[ =— = = 56.78 A
A 70.71/-45°

A, 3023.4/-20.1°

,=—2= = 42.75/24.9° A

A 70.71 / —45°




The line currents are

I,=1, = 56.78 A, I.= -1, =4275/—155.1° A

I, =1, — I, =38.78 + 18 — 56.78 = 25.46/135° A
(b) We can now calculate the complex power absorbed by the load.
Forphase A, S, = |L,|°Z4 = (56.78)*(j5) = j16,120 VA
Forphase B S = [I,|*Z; = (25.46)%(10) = 6480 VA
Forphase C Sc = |L[?Z¢ = (42.75)*(—j10) = —j18,276 VA
The total complex power absorbed by the load is

(c) We check the result above by finding the power absorbed by the source.
For the voltage source in phase a,

Sy = —Valz = —(120/0°)(56.78) = —6813.6 VA
For the source in phase b,
S, = -V, Il = —(’120{—120")(’25.46{—135°)

= —3055.2/105° = 790 — j2951.1 VA

For the source in phase c,

Se = —Vple = —(120/120°)(42.75 /155.1°)
= —5130/275.1° = —456.03 + j5109.7 VA
The total complex power absorbed by the three-phase source is

S, =S, +8S, +S. = —6480 + j2156 VA

showing that and confirming the conservation principle of ac power. Ss + SL=0
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