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Power systems




Show that the ratio of phase-to-phase-voltage and phase-to-earth-
voltage is /3
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Question 1 Show that the ratio of phase-to-phase-voltage and
phase-to-earth-voltage is V3
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by Sine Rule:
liRS,phase _ L_JR,phase
sin120° sin 30°
5 V3
sin120° S
= _=ks SN2 Y _2_n
L_J R, phase sin 30 L_J phase E -
2

U S,phase




Question 2

Derive the equation for delta-star transformation.
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The power lost to resistance must remain unchanged

U U 2 U phase U shase
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A delta-connected three-phase load of (80+j60) Q2
per phase is connected to a 440-V three-phase
supply. Calculate:

a) the current in the load component
b) the current in the phase of power line

c) the total real power consumed (active power).



Question 3
a) Current in the load component

In delta connected load, the voltage across the load component
is line voltage, i.e. phase-to-phase voltage:

Z, =380+ j60 = 100/3687°
U =440V
Iphase, power system
And the current
flowing through the load is U

Tong = Ta = D= A40L0°V 1 36.87°A
Z, 100.36.87°Q




Question 3
b) Current

For A-connected load, current in power line is /3 times the current in load Zﬁ ;

1 powertine = V3 * 1 a =+/3*%4.4/ —36.87°A = 7.62/ —36.87°A

Option 2) Solution using delta-star-transformation Tine=Tphase , Z,

= Za (80 .60 2
i =—=|—+ ]— |2 =33.33£36.87°A g
*T 73 ( 3 173 j U I , Z.a
Tpowerline = Uﬁhase = Uline_ = 44OV = 7624—3687OA 7
Z, J3*Z, +/3*33.33.36.87°Q N Z.,:A
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Question 3
c) Active power

Ipower line

S, =3U1I,=3-440V -4.4/-3687°

P, =3*U, ., * 1, COSg = 3*440V *4.4*c0s(36.87°) = 4646W = 4.6kW
P, =3™*U jiase | power tine COS @ = 3% 440v ———*7.62c0s(36.87°) =4645W =4.6kW| _____, Z;
=L i
v | 7
Triple check... .
* wer line= A Z_
s, =301 =3-227 762/ 3687°" =5807,2/3687° Tpowertine=lphase 4, £
& Tline \fg .
—

=5807,2/36.,87°

= 4646+ j3484 =P+ jQ —> P = 4.6kW




A star-connected load consisting of a resistor of 80 Q and
and inductor of 0.191 H in each phase is connected to a
415-V, three-phase, 50-Hz supply. Calculate:

(a) the phase current I;

(b) the real power P consumed by the load; and

(c) the reactive power Q consumed by the load.

(d) From P and Q calculate the load phase angle ¢, and
show that:

P=/3VIcos¢
Q= /AVIsing



Inductor:

) X = 24fL = 2 7 x50x0.191Q2 = 600 ¢) = Q=1035var
0 =415
\/§ Lagging current (inductive load)
d _ _ .
=1 = _A_24/-37°A )/ P=BxUxixosy  Q=BxUxixsing
(80+ j60) = tang- 2
5
_ _ Q Q
b) s=\3vi*=3x415x ﬁ — (1380 + jL035)VA = 0= a“’ta”(sj = arctan(0.75) A
. =I* ~ 37° P
=1725/37° VA « / -
— P =+/3xUl xcos ¢ ~1380W
Use of reactance (ind) Cins 0 \/5 Ul xsi 1035
= X XSINp = var
= P = 1380W Consumption ’
Generation < fz
Ly

“Generation” of reactance (cap)



