Problem 9.1

Given a single aréa with three generating units

A O &

* load Load Base: 1000 MVA
Unit Rating Speed Droop R
(per unit on unit base)
1 100 MVA .01
2 500 MVA .015
3 500 MVA .015

The units are initially loaded:

P] = 80 MW
P2 = 300 MW
P3 = 400 MW

a) Assume D = 0. What is the new generation on each unit for

50 MW load increase?

Aw = -4P

+ D

—i 1
x| —

Under the common base of 1000 MVA

_ 1000, _
FZ.I = 0.01 (_Tﬁﬁ) = 0.1 pu
_ = (1000, _
R2 = 0.015 (_366) 0.03 pu
_ 1000, _
Ry = 0.015 (_gﬁﬁ) 0.03 pu
D=0
-1
AP = 7000 - 0.05 pu
S 0.05 = -6
Aw = — P 1 652.17 x 10" “pu
0.1 0.03 0.03
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Problem 9.1, continued
W= wo t Aw
o= 60 - 652.17 x 10°% (60)
= 59.96 Hz
Change in unit generation:
aP, = -£% - 0.00652 pu =
1 R] )
_ bhw _ -3
AP2 = -RT = 21.739 x 10 pu
W -3
AP3 ol vl 21.739 x 10 pu

—t

New Generation:

b)

Aw

AP.l

AP2

bPy =-

Repeat for D

80 + 6.52

300 + 21.74

400 + 21.74

86.52 MM
321.74 MW

-0.05 i
7 7 7 =
5.7 o003 7003 !
wo + Aw
60 - 643.78 x 10°°(60)
59.9614 Hz
Changes in units generation:
-%9 = 6.4378 x 1073 = 6
1
o2 21,46 x 1073 = 21
2
%9 = 21.46 x 1073 = 21.
3
49.
DAw =
50

.44

.46

.52 MW

21.74 MW

21.74 MW

50

MW

421.74 MW

1 pu (on load base)

-643.78 x 10

MW

MW

MW
MW
MW

MW
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Problem 9.1, continued

New Generation

P] = 80 + 6.44 = 86.44 MW
PZ = 300 + 21.46 = 321.46 MW
P3 = 400 + 21.46 = 421.46 MW
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Prcblem 9.2>

Using the values of R and D in ‘each area, for example 9B,
resolve for the 100 MW load change in area 1 under the following
conditions:

Area 1 Base MVA

2000 MVA
Area 2 Base MVA

500 MVA
Then solve for a load change of 100 MW occurring in area 2 with

R's and D's as in Example 9B and Base MVA for each area as above.

Area 1 Area 2
Base 2000 MVA Base 500 MVA
R =0.01 pu R = 0.02 pu -
D = 0.8 pu D =1.0 pu

Using 2000 MVA as common base:

= = 2_00_0_=
Ry = 0.01 R, = 0.02 x 2333 = 0.08 pu
- , 500 _
D = 0.8 D2 = 1.0 x 5000 0.25 pu
100
ap, = 2385 = 0.05 pu
bo = — ‘0305 = -440.33 x 1078
5T * pug * 0-8 * 0.25
£f = 60 - 440.33 x 10°%(60) = 59.974 Hz
) 1 _ B T . =
AP, = Au(EE +D,) = 440.33 x 10"%(ggg *+ 0.25) 5.614 x 10
AP, .. = -11.2285 MW
Y -3
AP h " » 44.033 x 10 3pu = 88.067 MW
Aw -3
P S = = =
BPrech 2 Ry 5.504 x 10 °pu = 11.008 MW
Load
-DyAw = .7045 MW
-D,0w = .2202 MM
APL = APmech 1 o APmech 2 * (Dl+02) bw
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Problem 9.2, continued

b) Solve for a load change of 100 MW occurring in area 2 for the

same MVA base as the first part:
6

Aw = 440.335 x 10 "pu
f = 59.9734 Hz
AP, = Aw(ﬁ—]_l— + D) = 440.335 X 10_6(0_.%T +0.8) = 0.04439 pu
Aptie = 88.78 MW
A11 the cther va]hes of Apmech 1’ Apmech 2 D]Am and DzAw

are the same as the first part of this problem.
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Problem 9.3

1

oy = (m]S4D]

1
by = (i)
2 m25+02

)('APL-APtie)

(8P4 s g)

tie
8Py = (T/S)(Aw]-sz)
after much algebra:
2
(mZS +D25+T)(-APL)

3 2 :
(m]mz)s +(m1DZ+m2D])S +(m]T+D]D2+m2T)s+(D]+DZ)T

Aw] =

An interesting result may be seen if we divide by T:

2

m,S"+D,S

2 2

bwg = (—= *1) (-aP.)
3 2
m,m,S (myD,+m,D,)S D.D
By Ay Us¥l, Dy 1y
T T *ompAmyr—=)S + (Py+Py)

If we now let T go to infinity we get:

-AP

L
Aw, = o
1 (m]-m2)5+(D]+D57

Which says that when machines are "tightly coupled" (i.e. T»w),
the equivalent model has m = my +om, and D = D.I + DZ~ (see Figure

9.6).
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