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/ e d
Turbine generator / / )
Load 2

P = splfu — 1Ty

P
S0 fsys =fnl _;

(a) The initial system frequency is given by

f:ys = fa _£

— 61 Hy — 1000KW

1 MW/Hz

(b) After load 2 is connected,
D
f;ys - fﬂ] SP

1800 kW

=61 Hz - Tywm;
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Solution

The power produced by a synchronous generator with a given slope and no-load frequency
is given by Equation (5-28):

Py = sp\(fas — figs)

Py = spfuz = fiys)
Since the total power supplied by the generators must equal the power consumed by the
loads,

Piwa =P + P,

These equations can be used to answer all the questions asked.

(a) In the first case, both generators have a slope of | MW/Hz, and G, has a no-load
frequency of 61.5 Hz, while G, has a no-load frequency of 61.0 Hz. The total
load is 2.5 MW. Therefore, the system frequency can be found as follows:

Powa =P, + P,
= 8p/(Sfarr — Loy T Splfa2 — Ly
2.5MW = (I MW/Hz)(61.5 Hz — £,,) + (1 MW/Hz)61 Hz — f,,.)
= 615 MW — (1 MW/H2)f,,, + 6] MW — (I MW/H2)f, ,
= 1225 MW — 2 MW/H2)f,,

therefore S = i (mw—mzz'f . 60.0 Hz

The resulting powers supplied by the two generators are

Py = sp(fas — fos)

= (1 MW/HzX61.5 Hz — 60.0 Hz) = 1.5 MW
PZ = ‘n(fm.z _fsys)

= (I MW/HzX61.0Hz — 60.0Hz) = | MW
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(b) When the load is increased by | MW, the total load becomes 3.5 MW, The new
system frequency is now given by
Prosa = SpiUars — Foye? + Spalfuz — fiys)
3.5 MW = (1 MW/Hz)(61.5 Hz — f,) + (1 MW/Hz)61 Hz — f,,)
= 61.5 MW — (I MW/Hz)f,, + 61 MW — (I MW/Hz)f,,,
= 122.5 MW — (2 MW/Hz)f,

_1225MW — 3.5MW
(2QMW/Hz)

therefore  f = 59.5Hz

The resulting powers are

Py = sp(fan — L)

= (1l MW/HzX61.5 Hz — 50.5 Hz) = 2.0 MW
Py = spfuz = fys)

= (|l MW/HzX61.0Hz — 59.5Hz) = |.5MW

Generator | fe Generator 2
,—61.5Hz

60 Hz

Slope = | MW/Hz
Slope = | MW/Hz

| :
| i
| i
i |
\ \
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=z y| W 5Ldg 9 s b s> 9 yzmae )T by y90lie g 00,5 oy Iy 5790 (559318 Hloged

(a) Initially, the motor’s output power is 15 hp. This corresponds to an output of
P, = (15 hp}0.746 KW/hp) = 11.19 kW
Therefore, the electric power supplied to the machine is

Pin=Pm+Pmﬁhu+Pmlm+Pdoclus
= ]LI9KW + 1L.SKkW + 1.0kW + OkW = 13.69 kW

Since the motor’s power factor is 0.80 leading, the resulting line current flow is
A T
" V3Vycos 8

 I36OKW
= V3208 V0.80) ~ 4715 A

I

and the armature current is /;/V3 , with 0.8 leading power factor, which gives
the result

I, =274 £3687° A
To find E,, apply Kirchhoff's voltage law
Ex = Vg — jXsls
=208 20°V — (j2.52)(27.4 £ 36.87° A)
=20820°V —68.5212687°V
=249.1 — 548V =255 2 —124°V

V, =208 Z0°V

JXgl, = 68.5 £ 126.87°

E, =255 £-124°V
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