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Exercise Session 4

Power systems




Calculate the maximum active power P_. . that can be
transferred from busbar 1 to busbar 2 using the voltages
shown in the picture.

U, = 10,0 kV U, = 21,0 kV
M2
M1 X; = 40 Q
1 J 2
Sy =10 MVA S =16 MVA
115/10,5 KV 110/21 kV

Zy = 0,1 Zx = 0,1



The equivalent scheme of the line, using reactances for P.U. computation.

Selecting:
S, = 16 MVA
U, = 110 kV
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Selecting;:

Sp =16 MVA w18 G) G) ey (0°
Up =110 kV

2 2 2 2
s UR Ui, [@15kv) /(110 V) _ o176
Sy/ Sy 10 MVA / 16 MVA

2 2 2 2
s UR Ui, 110kV) /(110 V) _ 0100
Sy/ S 16 MVA / 16 MVA

X .
Xj=—3= 4092zo.053
U: (110kV)

S, 16 MVA




Power-angle equation:

uu, .
P=P,=——%-sin¢§
The highest power that can be transmitted: Maximum value when:
u,u i ]
p= —2——-sino 5=90° (sind =1)

X1 -I-Xj T+ X0

uyU, 0.996-1.000

X1+ X; +Xpy  0.175+0.100+0.053

pmax -

3.038




« The power that can be transferred by a line is, usually,
limited by the reactive power resources. A line has a series
reactance X=100 Q2 and the voltage at the beginning of the
line is U,=115 kV. The reactive power at the end of the line is
Q,=0. Derive the expressions for power transferred and
reactive power Q, as the function of voltage angle 5. How
much smaller is the maximum transferred power compared

to a case where the necessary reactive power could be fed to
the end of the line?



Power-angle equation:

- _Uu,

P, =P, -SIn o
Q —Ulz—uluz-cosﬁ

- 1 X X
U,U ’
Q,=—1-* -cos&—u72

Q,=0 < U,=U,coso
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Q,=0 < U,=U,coso
sin(26) = 2 sin(d)cos() |
2 2 2
P =P, :&-sin5:U—l-sin5-c055:U—l-sin25:M-sin 26
X 2 2-100 Q

P, =P, ~66.1 MW -sin 25

sin®8 + cos?6 =1

Ui Uu,
= - :C0SO = ——-
Q=" X

Q, ~132.3 Mvar-sin® §
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« A generator having H = 6.0 MJ/MVA is delivering power of
1.0 per unit to an infinite bus through a purely reactive
network when the occurrence of a fault reduces the
generator output to zero. The maximum power that could be
delivered is 2.5 per unit. When the fault is cleared, the
original network conditions again exist. Determine the
critical angle and critical clearing time.

Hint: For clearing time, H= Wk/P & Wk = %Jcoz if using equation from lecture shides



P. =P Sino =2.5sin6=1.0
= 5, =23.58° = 0.4115rad
Oy =7 — 0y =154.42°

A1 = A2, Stability Criterion

A =B x ( cr 50 Az—j Prax SINAS = B, x (6 — )
= 1x(6 I ax SINAS —1x (5, — Oy )
< =0y = —Pyax COS 5m + Pax COS O — Oy
< —0g = —Prax C0S Oy + Prax C0S O — (7 —6y)
< T =20 + Ppax C0SO, = Prjax COS O,
cos 5., = Prax C0SO, + 7 — 20
Pmax
Oy = arc:cos(2'5C08154'42 tr-2x O'4115) = arccos(0.00274) = 89.84° =1.56rad

2.5



Question 3: critical clearing time

P A
5y = 23.58° =0.4115rad
2.5
O, =89.84° =1.56rad
Jo : . 1
t = 2P—(é” —0,) From lecture slides
1.,
W —Jw .
HoWe_ 2 Multiply by 4 and
P P Divide by w
aH _,Je
0, P,

2x 7 x50Hzx1 —

W

tcr:\/4H(5cr—50)_\/4x6(1.56—o.4115):02968




« A 60-Hz generator is supplying 60% of P_.. to an infinite
bus through a reactive network. A fault occurs which
increases the reactance of the network between the
generator internal voltage and the infinite bus by 400%.
When the fault is cleared, the maximum power that can be
delivered is 80% of the original maximum value. Determine
the critical clearing angle for the condition described.



QueSthIl 4 e (for help, see Power System Analysis by Grainger, ch. 16

or other book)

) 3 Oim &

Note: picture illustrative - not from the problem

Power-angle curve A before a fault, B during the
fault, and C after the fault such that A=P__, sin 4,
B =k,A, and C = k,A, with k; < k,. For stability, we
must have area A; = area A,.

k. — Xbefore fault Xbefore fault
1 = =
Xduring fault Xbefore fault(l-o + 4-0)
Xbefore fault
kz -
Xafter fault

P =P, =%-sin5




= sindy =k, sin(z -5,

In our case:

Before the fault:

P, = Ppax Sin 6y =1.667sin 6, =1.0

>
= &, =36.86° =0.643rad
During the fault: After the fault:
X't =5X; =P . = 1667 _ 333 P ax = 0.8Pay
kP sins=0333sin5, k =0.2 K, Prax SIN6 =1.33sIn 6, k, =0.8




Q“ESthn 4 Determine the critical clearing angle
"%
A=P__ sinéb, B=k,A, and C = k,A.

For stability, we must have area A, = area A,.

pl_a /_.A'zl:" N b

-

5cr - 5CI' -
A =P, x (5, —50)—j50 B(8)dS = Pryay SiN 85 x (8 —50)—L0 Ky Proay SIN 606

8o O Om
5Cr
= Pmax(sin S (Sgr — 5 )+ Ky | coséJ = Pax (SN 8 % (5, — 5 )+ k; cOS S, —ky €OSSy)
B

Om S, ) _
A, = L C(5)do — P x (5m —5cr)= L Ky Prax SINAO — Py SIN Oy X (0 — Oy )

c

5,

- Pmax(— k, | coss —sindy x(J, —5”)} = Pax (K, COS S, — K, COS S, —SiN Sy X (S — Fer )
5Cr

A=A,

= €085, (K, —ky) =i 8, (S,, — 5y )~k cos Sy +k, cOS S,

&

2 1

0SS, = ﬁ(sin 8o(8,, — o) —ky COS Sy +k, COSS,, )




COSOyy =

(sin 89(S7 — 89 )—ky €05y +ky 085, )| [sindy = K, Sin(ﬂ' — 5m)

2_kl

Using the previously derived equations:

_ _ _ P
sin&y =Kk, sin(z —45,,),0, =7 —arcsin(———)
2" max

S, =180° —arcsin 10 113120~ 2 290rad
1.33

0SS, = (sin 84(S,, — 5y )— Ky COS Sy + ko COS S, )

2_k1

= (O 81.00 2](sin 36.84°x(2.290 - 0.643)—0.2¢0536.86° + 0.8 c03131.2°)
=0.500

= &, =arccos(0.5) =60°




