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C- Balanced Delta -Delta Connection

A balanced A — A system is one in which both the balanced source and balanced load are A-
I

connected as shown in Fig. 4.15. a — A
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Fig 4.15. A-A system.
Assuming a positive sequence, the phase voltages for a delta-connected source are

vr.-.-'; = L"P £
Ve =V, /=120, Voo = V,/+120° ... (4.18)

The line voltages are the same as the phase voltages. From Fig. 4.16, assuming there is no line
impedances, the phase voltages of the delta connected source are equal to the voltages across the

Impedances; that is,

Var = Vag. Ve = Vaes Vea = Vea ... (4.19)
Hence, the phase currents are _ . _
[ Vi Va [ _ Vee Vi
AR Z_-.. Zi » B Z_-.. Z_-.L
Vea _ Ve
lea=—"=—-— ... (4.20)
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The line currents are obtained from the phase currents by applying KCL at nodes A, B, and C,
as we did in the previous section:
I, = Lip — Lca I, = Ipc — Lup, I, = Ica — Ipe ... (4.21)

Also, as shown in the last section, each line current lags the corresponding phase current by 30°

the magnitude I, of the line current is v/3 times the magnitude I, of the phase current,

f‘r — \\ _illtlr? cee (422)
An alternative way of analyzing this circuit is to convert both the source and the load to their

Y equivalents.



Example 4.3/ A balanced A-connected load having an impedance ( 20 — j15)Q is connected to
a A -connected, positive-sequence generator having V,, = 33020° V Calculate the phase

currents of the load and the line currents.



D- Balanced Delta — Wye Connection

A balanced A —Y system consists of a balanced A-connected source feeding a balanced Y -

connected load as shown in Fig. 4.16. a — A
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Fig 4.16. A- Y system.

Again, assuming the abcsequence, the phase voltages of a delta-connected source are

v ab — 1! "ﬁ
T — vV /172 N — 1 /fL190°
Ve =V, /— 1207, Voo =V,/+120 ... (4.23)

These are also the line voltages as well as the phase voltages. We can obtain the line currents in

many ways. One way is to apply KVL to loop aANBba in Fig. 4.16, writing

—V, T Lyl, — 4,1, =0

or
Zy(1, - 1,) =V, =V, /0°
Thus,
1,__}?;{_“
L -1,= Z, ... (4.24)

But I, lags I,by 120° since we assumed the abc sequence; that is, I, = 1,2 — 120°. Hence,

I, — I, = L(1 — 1/-120°)

=1 (l b4 Y2 2 Va0
-\ Sy )T a VI 20 ... (4.25)
Substituting Eq. (4.25) into Eq. (4.24) gives, o _
V,/ V3 /—30°
L. = 2 ... (4.26)

and from it, we obtain the other line currents [, & I..



Another way to obtain the line currents is to replace the A

/N
delta connected source with its equivalent wye-connected /o ;\\
- - e '-\_—_/-: s,
source, as shown in Fig. 4.17. v (= T Yy
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In previous section , we found that the line-to-line voltages YAt v =) \\

. ] / L A _/,‘- . ) Il?n'i\"' A N
of a wye-connected source lead their corresponding phase ¢ <- DAY " b
voltages by 30° .Therefore, we obtain each phase voltage Ve
of the equivalent wye connected source by dividing the Fig 4.17. Transforming a A -connected

) ] source to an equivalent Y-connected source.
corresponding line voltage of the delta-connected source

by /3 and shifting its phase by —30° .Thus, the equivalent

wye-connected source has the phase voltages

v, V,

Vion = —=/—150°, V= —=/+90° (4.27)

) r f
V3E—— ERVE

If the delta-connected source has source impedance Z, per phase, the equivalent wye-connected

source will have a source impedance of Z./3 per phase.

Once the source is transformed to wye, the circuit becomes a wye-wye system. Therefore, we can
use the equivalent single-phase circuit shown in Fig. 4.18, from which the line current for phase

ais

Z, ... (4.28)
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Fig 4.18. The single-phase equivalent
circuit.




Example 4.4/ A balanced Y-connected load with a phase impedance of (40 + j25)Q is supplied
by a balanced, positive sequence A -connected source with a line voltage of 210 V. Calculate the

phase currents. Use V,,;, as a reference.



Table 4.1 presents a summary of the formulas for phase currents and voltages and line currents
and voltages for the four connections. Students are advised not to memorize the formulas but to
understand how they are derived. The formulas can always be obtained by directly applying

KCL and KVL to the appropriate three phase circuits.

Table 4.1. Summary of phase and line voltages/currents for balanced three-phase

systems.
Connection Phase voltages/currents Line voltages/currents
Y-Y Van = V,/0° Var = V3V,/30°
Vi = Vp/—120° Ve = Vap/—120°
Ve =V, /+120° Vg = Vap/+120°
Same as line currents I, = V,./Zy
I, =1,/ /—120° 120°
I. =1, ;+ 120°
Y-A Van = V,,/0° Vap = Vag = V3V, /30°
Vin = Vp/ —120° Voe = Ve m;g’ 120°
Ven = Vpg”f"_lz'ﬂﬂ Vea = YC‘A = f!l'J,.-" +120°
Lip = Vap/Za I, = 11;;\"?;’{_39:
Igc = Vpe/Za I, = u,f 120°
Iea = Vea/Za I =1,/+120°
A-A Var = V,/0° Same as phase voltages
Vie = V,/—120°
Vg =V, /+120°
Lig = Vap/Zs I, = Im\ﬁf’—BDS
Igc = Vpe/Zn I, = u,a’ 120°
Ica = Ved/Za I. =1,/+120°
A-Y V= V,/0° Same as phase voltages
Ve =V, /—120°
Ve = V,/+120°
Vp/—30°
Same as line currents I, =———7
3Ly
I, =1, g 120°

I = I,/+120°



4.3 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°)

veny = V2V, cos(wt + 120°) ... (4.29)

The phase currents lag behind their corresponding phase voltages by 8 Thus,

i, = V2I,cos(wt — ), i, = V2I,cos(wt — 6 — 120°)

i = \V2I, cos(wt — 6 + 120°) ... (4.30)

C

The total instantaneous power in the load is the sum of the instantaneous powers in the three

phases; that is,

P =Pg T Pp T Pe = Ugnly T Upyip + Vel
= 2V, I,[cos wt cos(wt — )
+ cos(wt — 120°) cos(wt — A — 1207
+ cos(wt + 120°) cos(wt — 6 + 1207)] ... (4.31)

Applying the trigonometric identity

cosAcosB = %[cns[fi + B) + cos(A — B)] ... (4.32)
Gives )
p = V,L[3 cos 8 + cos(2wt — 6) + cosQwt — 6 — 240°)
+ cos(2wt — 6 + 240°)]
= V,1,[3 cos 6 + cos a + cos « cos 240° + sin « sin 240°
+ cos a cos 240° — sin a sin 240°]

where ¢ = 2wt — 6

i I ™y
= VpI,| 3cos 8 + cosar + 2( —;)cus u‘] = 3V, cos B ... (4.33)

=

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.



Since the total instantaneous power is independent of time, the average power per phase P, and
the reactive power per phase @, and the apparent power per phase S,, and complex power per
phase S,, either the A-connected load or the Y-connected load are

Pr” = 1-'}11';1 costl & Q, = V,I, sinf & Sy = Vo, & Sp =P, tj0,
The total average, reactive, and complex power are the sum of the corresponding powers in the
phases:

P=P,+ P, + P.=3P,=3V,I,cos0 = \V3V,I; cos

Q = 3V,I,sinf = 3Q, = V3V, sinf

S=PTL (434

4.3.1 Economical Using of Three Phase System

A second major advantage of three-phase systems for power distribution is that the three-phase
system uses a lesser amount of wire than the single-phase system for the same line voltage V; and

the same absorbed power P;. For the two-wire single-phase system in Fig. 4.19(a), I, = P, /V,

so the power loss in the two wires is 0 I
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For the three-wire three-phase system in Fig. 14.19 (b),
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Fig 4.19. Comparing the power loss in
(a) a single-phase system, and (b) a three-
phase system.



Equations (3.35) and (3.36) show that for the same total power delivered P, and same line voltage

4

Ph*.\-n - E
Ploss R’ ... (4.37)

AsR = pl/nr? & R’ = pl/mr'® where r and ' are the radii of the wires. Thus,

-

Ploss  r° ... (4.38)

If the same power loss is tolerated in both systems, then r? = 2r'? The ratio of material required

Is determined by the number of wires and their volumes, so

Material for single-phase  2(7r>() 2r?
Material for three-phase 3wty 32
2
= 2(2) = 1333 .. (4.39)

Equation (4.39) shows that the single-phase system uses 33 percent more material than the three-
phase system or that the three-phase system uses only 75 percent of the material used in the
equivalent single-phase system. In other words, considerably less material is needed to deliver

the same power with a three-phase system than is required for a single-phase system.



Example 4.5/ A three-phase motor can be regarded as a balanced Y-load. A three phase motor
draws 5.6 KW when the line voltage is 220 V and the line current is 18.2 A. Determine the power

factor of the motor.



