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EXAMPLE 6.2

The following data are obtained for a 3¢, 10 MVA, 14 kV, star-connected synchronous
machine.

Open-Circuit Air Gap Line
Voltage (kV) Voltage (kV) Short-Circuit

I¢(A) (line-to-line) (line-to-line) Current (A)
100 9.0
150 12.0
200 14.0 18 490
250 15.3
300 15.9
350 16.4

The armature resistance is 0.07 2 /phase.

(a) Find the unsaturated and saturated values of the synchronous reactance in ohms and also
in pu.

(b) Find the field current required if the synchronous generator is connected to an infinite
bus and delivers rated MVA at 0.8 lagging power factor.

(c) [If the generator, operating as in part (b), is disconnected from the infinite bus without
changing the field current, find the terminal voltage.

Solution:
The data are plotted in Fig. E6.2.
14,000
Base voltage V, = — = 8083 V/phase
ge V) 7 /P
X 6
Base current [}, = 10> 10 =412.41 A
V'3 X 14,000
8083
Base 1 anc =——=19.6 0
Base impedance 7, 11241 19.6
(a) From Eq. (6.8) and Fig. E6.2,
18,000//3
. B — . g_z
Zh|unsal 490 21.21
Eq. .
Zunsat) = —— = Ra + iXs(uns:
s(unsat) Ina a T JAs(unsat) Xs|um;a[ _ \/21 212-0072=212 Q

21.2
(_6.8) = 19l6pu—1.08 pu
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From Eq. (6.11) and Fig. E6.2, and because R, is very small,

_14,000/V3 12
Zijsy =~ goa- =165 Q= (X +0.07)
16.5
Xy = 16.5 0 = ﬁ = 0.84 pu




3|Page Tutorial 11 ELEC 344

(b) It will be convenient to carry out the calculation in pu values rather than in actual values.
V,=1/0° pu
PF =0.8 =cos 36.9°
I,=1/=36.9 pu

16.5
Z,=0.84 / tan ! 507~ 0-84 /89.8° pu

Ep =V, + IR, + LjX,
= V[ +1dZ',
=1/0°+1/-36.9°-0.85/89.8°

Now

=1/0°+0.84/52.9°
= 1.5067 +j0.67

=1.649 /24° pu
=1.649 X 14 /24° kV, line-to-line
=23.09/24° kV, line-to-line

Note that 6 = 24° and is positive, as it should be for generator operation.
The required field current from the modified air gap line (Fig. E6.2) is

Ir=1.649 X200=329.8 A
(c) From the open-circuit data (Fig. E6.2) at I; = 329.8 A, the terminal voltage is

Vi=16.25 kV (line-to-line)
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6.4

The following test results are obtained fora 3¢,25 kV, 750 MVA, 60 Hz, 3600 rpm, star-connected
svnchronous machine at rated speed.

Vip(kV) I,(A) Vi (kV)
It(A) open-circuit test short-circuit test air gap line
1500 25 10,000 30

(a) Determine the number of poles of the synchronous machine.

(b) Determine the unsaturated and saturated values of the synchronous reactance in ohms and
per unit.

(c¢) The short-circuit test is performed at constant field current (1500 A) but at different speeds—
1000 rpm, 2000 rpm, 3000 rpm, and 3600 rpm. Determine the short-circuit current at these
speeds.

(d) Determine the field current if the synchronous machine delivers rated MVA to an infinite bus
at 0.9 lagging power factor.

Solution:

20 x60
@) 3600= —/2;——-'* p=2
750 x10°

6> Vo= kv =144342V  Tb= Faagxer = 173204
Zy = 144342 _ 08334 S}

17320
KV, [. 732 _
Xs[unsa-t= —%@: /. 732 8L = 53334 PU=20782 P U
[ ¥4 34 =
Xs\swt- = —-___—25,':"/4? = . 443450= —5g334 4T 732 PU.
= B k K soxkvis _ 3orxdl5 _
{€) Ia, = "X‘f = _Kz—‘ff = —l-z;"—:l = CDﬂSfan{-= X"“nw = /o, 000 A

dy Ve=1pPu, Ia=1PR L-Cos709 = 1L-2584°pu.
Ff=1Lo® +14-25.84° X 1.732L%0" = |7 1.732246418°= 1707549 +) 1.5568
= 2. 3473 [41.6133°



