Electrical networks Asst.Lect. Sura H. Faraj
Lecture -9-

» Balanced Wye-Delta Connection (YY-A)

I

a

A A
Lig /134,
I'r_r-‘ ‘\ f,/ :\\ \\\ ZA
Vor () =) Vim LR
cn :}+J |\—t< b Zﬂ /7 /,/ \\\ \\\ I
/ ,f;/ \\ b C4
5 Ib B?v;, Zﬂ.\\\%
d 7 e
I Isc
* Vip = Viine =Vy
1
e V, =+V3L30V, or Van =75 L= 30 Vo
1
[ VAB - \/§ |_30 VAN or VAN == _3 L — 30 VAB
VaB
* Ip = Z, Iy
1
o Lip =7 1301y or I,u=V3L—301I;
Z
[ ] ZY = ?A

Same as for the Balanced Delta -Wye Connection (A -Y)

When the A-connected source is transformed a — -
5,
to a Y-connected source, VAN
e V, = 3L30V, / e\ Zy
v P P v
or ca -}t/ A R l\__<l ab N
1 ;/ /‘ \‘ \\\\\ I ‘ / 4 f/ \\ \ T
Van = \/_§ =30V [ - \x —- o
‘ e b B | €
1 be Ic |




Example/
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 at the Load. Use
Vab as reference.

Solution:
The load impedance is
Zy =40 +j25 = 47.17/32°Q

and the source voltage is
Vo = 210/0°V
When the A-connected source is transformed to a Y-connected source.

Vab , )
Van = {.I-E.f. —30° = 121.2/ —30°V
Vi3I _—

The line currents are

v, 121.2/-30° ;
I, = = —— =257/-62°A
Zy  47.12/32°
I, =1,/—120°=2.57/-178°A
I.=1,/120°=2.57/58°A

e =

2]

which are the same as the phase currents.

In a balanced A-Y circuit, Vg = 240/15° and Zy = (12 + j15) ().
Calculate the line currents.

Answer: 7.21/—66.34° A, 7.21/—173.66° A, 7.21/53.66° A.

» Balanced Delta -Delta Connection (A-A)
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Example/

A balanced A-connected load having an impedance 20-j15 Q/¢ is connected to a A-connected, positive-
sequence generator having Vab=330 v. Calculate the phase currents of the load and the line currents.
Solution:

The load impedance per phase is
Zy = 20 —j15 = 25/—36.87° ()

Since Vg = V. the phase currents are
Vs 330/0°

I,z = =——=— =132/3687°A
4B Za 25/—36.87 —
Igc = L,z/—120° = 13.2/—-83.13° A

Ics = Lip/+120° = 13.2/156.87° A

(B dadlas 22 65 Y Ja f)

I, = L;5\/3/—30° = (13.2/36.87°)(V3/—30°)
= 22.86/6.87° A
I, =1,/—120° = 22.86/—113.13° A
I.=1,/+120° = 22.86/126.87° A

A positive-sequence, balanced A-connected source supplies a balanced
A-connected load. If the impedance per phase of the load is 18 + j12 ()
and I, = 19.202/35° A, find I,z and V 5.

Answer: 11.094/65° A, 240 /98.69° V.

[ —

Example/

The impedance Z in the balanced three-phase cir-
cuit in Fig. P11.191s 100 — ;75 (). Find

a) Iap, Inc. and Ica,
b) Iya, Iy, and L.,
c) Ly, I, and L.

Figure P11.19
A
13.2/—120° kv e
c Zz C
13.2/120° kV I
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13200/0° |
[El} IAB = m = 1006/368( A (I‘mb)
Ipc = 105.6/156.87° A (rms)

Ica = 105.6/ — 83.13° A (rms)
[b] L = V3/ = 30°I,p = 182.9/66.87° A (rms)
Ip = 182.9/ — 173.13° A (rms)

I.c =182.9/ - 53.13° A (rms)
c] Lo = Iyp = 105.6/36.87° A (rms)

I, = Ipc = 105.6/156.87° A (rms)

L. =Ics = 105.6/ — 83.13° A (rms)

Example/
For the A-A circuit, calculate the phase and line currents.
a A
L
30Q =
IC'_:;I 173/0°V ]
173,/120°V (T) ’ | B ]
- | -
) = £ 100
Z, =30+j10=31.62,1843° Iy 300 = ¢
() 173,4120° v ]
W )
The phase currents are 100 E
v, 173.£0° |
BE = ———————=547/£-1843°A
Z, 31.62,1843° c c

Iy =1,52-120°= 547/ -138.43° A
I, =1,,2120°=5472101.57° A

The line currents are
I,=1,-I, =I,+/32-30°
I,=5 .4?\!@ £-48.43°=94T74-7-48.43° A

I,=1,2-120°=9.474/-168.43° A
1.=1,/120°=9474/71.57° A
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Example/

The A-connected source of 11.21 is con- * oA
nected to a Y-connected load by means of a balanced
three-phase distribution line. The load impedance

is 1192 + ;1584 (/. and the line impedance is 45(1§
6.5 + j15 Q /. )
a) Construct a single-phase equivalent circuit of
the system.
b) Determine the magnitude of the line voltage at 30 % B

the terminals of the load.

c) Determine the magnitude of the phase current
in the A-source.

d) Determine the magnitude of the line voltage at (864 /120°V (;)
the terminals of the source.

864 /—120°V

solution
solution . e
c
[a] . Q
.50 6.5 115
15_2 i :IM 1}45\'2@
%Iaj. +
o
. %leB%Q
(D498.83/30° v
- .
n N
498.83/ — 30°
bl L = —— = 249.42/ — 83.13° mA (rms
[Pl Taa = 1355+ 51600 [=83.13" mA (rms)

Van = (1192 + j1584)(0.24942/ — 83.13°) = 494.45/ — 30.09° V (rms)

Vag| = V3(494.45) = 856.41V (rms)

0.24942
le] |Lab)| 7
[d] Vi = (1198.5 + 71509)(0.24942/ — 83.13°) — 408.42/ — 20.98° V (rms)

= 144mA (rms)

Vab| = v/3(498.42) = 863.29V (rms)
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> Power Calculations in Balanced Three-Phase Circuits

1) Average Power in a Balanced Wye Load
Py = |Van[laal cos (Bya — 6;a),
Py = [Vgnl[lpg| cos (85 — 8ip),
Pc = [Venlllec| cos (Byc — bic).

Vg = [Vanl = [Venl = [Venl.

Iy = Laal = |Iog| = el

0p = Oya — Oia = Oyp — Oig = B¢ — bic.

La

A
&
Zaly
hi Van
e B . -
o Zg s N
VAR
]_.: C
&

Moreover, for a balanced system, the power delivered to each phase of the load is the same, so

where P, represents the average power per phase.

The total average power delivered to the balanced Y-connected load is simply three times the power

per phase, or

V
Vy= -~ for Wye connection

V3

Total real power in a balanced
three-phase load »

P —3(2)1 o
T = \/j L COS Uy

V3V I cos b,

Total reactive power in a balanced
three-phase load

Qé,:

thi‘rﬁfl sin 8¢.

QT = 3Q¢ = .\/'?VLIL sin H¢

Total complex power in a balanced three-
phase load

Real Power, P = Vicos®

Sy = Py + jQ4 = Vlj,

St =354 = V3VLIL /05.
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2) Average Power in a Balanced Delta Load
Py = |VagllIag| cos (Byap — 8ian).
Py = |Vacl[lgc| cos (Bypc — Oip)

Pc = |Vealllcal cos (Byca — Oica)

IVasl = [Vl = [Veal = Vg,

Hagl = [Igc| = [lcal = 14.

BuaB — biap = Oypc — Oipc = buca — bica = by,

A
*
Vap | Za l'..ua
——+B IL.—\T Zy| Vea
Vi Zy llla«:'
_ .
C

Moreover, for a balanced system, the power delivered to each phase of the load is the same, so

PT=

[N

ly= for Delta connection

(o
=3V 5 cos by

= V3V I cos .

=

Ss = Py + [0y = Vyly:

ST = 35:& = \“ij]L /Hd:r
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Example/

A balanced three-phase Y-connected generator
with positive sequence has an impedance of
0.2 + j0.5 Q1/¢ and an internal voltage of 120 V' /¢.
The generator feeds a balanced three-phase
Y-connected load having an impedance of
39 + j28 (1/¢. The impedance of the line connect-
ing the generator to the load is 0.8 + j1.5 (1/¢. The
a-phase internal voltage of the generator is speci-
fied as the reference phasor.

a) Calculate the average power per phase delivered
to the Y-connected load

b) Calculate the total average power delivered to

the load.
c) Calculate the total average power lost in the line.

d) Calculate the total average power lost in the
generator.

¢) Calculate the total number of magnetizing vars

absorbed by the load.

f) Calculate the total complex power delivered by
the source.

a 020 JOSQ 4 080 j150Q A

390
P
) lz“fﬁ) Vv \I,I.n \-_-\\'
N
j28Q
8 _
n N
Lo 120 /0
AT 02 + 0.8 + 39) + j(0.5 + 1.5 + 28)
120 /0°
40 + 30
=24 /3687 A.
Van = (39 + j28)(2.4 / —36.87°)
= 11522 /—1.19° V.
[a]

Vy=11522 V, 14, =24 A, andf, = —1.19 — (—36.87) = 35.68

. Therefore
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Py = (115.22)(2.4) cos 35.68°

= 22464 W.

The power per phase may also be calculated
from J'iRé, or

P, = (2.4)%(39) = 224.64 W.

b) The total average power delivered to the load is
Pr =3P, = 67392 W.

Vag = (V3 /30" )Van

= 199.58 /28.81" V,
Pr = \/3(199.58)(2.4) cos 35.68"

= 67392 W.

c) The total power lost in the line is
Pine = 3(2.4)%(0.8) = 13.824 W.
d) The total internal power lost in the generator is
Poen = 3(2.4)%(0.2) = 3.456 W.
e) The total number of magnetizing vars absorbed
by the load is
Or = V3(199.58)(2.4) sin 35.68"
= 483.84 VAR.

f) The total complex power associated with the
source 1s

Sy =38, = —3(120)(2.4) /36.87°
= —691.20 — j518.40 VA.

The minus sign indicates that the internal power and magnetizing reactive power are being delivered to
the circuit. We check this result by calculating the total and reactive power absorbed by the circuit:

P = 673.92 + 13.824 + 3.456
— 691.20 W (check),

O = 483.84 + 3(2.4)%(1.5) + 3(2.4)%(0.5)
— 483.84 + 25.92 + 8.64
— 518.40 VAR(check).
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Example/
A balanced three-phase load requires 480 kW at a
lagging power factor of 0.8. The load is fed from a
line having an impedance of 0.005 + j0.025 (1/¢.
The line voltage at the terminals of the load is 600 V.

a) Construct a single-phase equivalent circuit of
the system.

b) Calculate the magnitude of the line current.

c) Calculate the magnitude of the line voltage at
the sending end of the line.

d) Calculate the power factor at the sending end of
the line.

a)
0005Q  j0.025Q

a e —VWhN——""" " ——a A
4+ — +
| I

Ve o 22oev] 160 kW at 0.8 lag

n : _l N
b) The line current I 5 is given by
600
(ﬁ)lgA = (160 + j120)10°,
or
LA = 57735 /36.87" A.

Therefore, I,4 = 577.35 / —36.87" A. The mag-
nitude of the line current is the magnitude of I :

I;, =57T1.35A.

We obtain an alternative solution for I} from
the expression

PT = V-ng)'L COs HP
— V3(600)1,(0.8)

= 480,000 W;
480,000
L V3(600)(0.8)
1000

V3
ST1.35 A.
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c¢) To calculate the magnitude of the line voltage at
the sending end, we first calculate V,,. From

Fig. 11.17,
Van = Van + Zila

600
= — + (0.005 + j0.025)(577.35 /—36.87°
3 J0.025)( / )

= 357.51 /157" V.
Thus
Vi = V3|V
= 61923 V.

d) The power factor at the sending end of the line
is the cosine of the phase angle between V,,
and L 5:

pf = cos [1.57" — (—36.87")]
= cos 38.44°

= (.783 lagging.

An alternative method for calculating the power
factor is to first calculate the complex power at
the sending end of the line:

Sy = (160 + j120)10° + (577.35)%(0.005 + j0.025)
— 161.67 + j128.33 kVA
~ 206.41 /38.44° kVA.

The power factor is

pf = cos 38.44°

= ().783 lagging.
Finally, if we calculate the total complex power
at the sending end, after first calculating the
magnitude of the line current, we may use this
value to calculate V. That is,

V3AVLIL = 3(206.41) % 10°,

~3(206.41) x 107

L

\V/3(577.35)

= 619.23 V.

?
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